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EWEN IF YOU CAN'T SEE IT 


YOU CAN STILL M0 IT! 


‘Whee¢ customary studies of cores and cuttings fail 
‘ a 


¢ “2,80 reveal all the conditions in “the hole” 
Radioactivity Well Logging will. 

Gamma Ray Curve, Neutron Curve and 

Ceflar Logs let you “‘see’’ the porosity of sands 

\ “and their depth, the position of fluid bear- 

ing zones, the fluid levels and all this 

catrsbe “seen” through several strings 


Sof casing where necessary. 


LANE-WELLS COMPANY 
ITED STATES & CANADA 
baby Vole) PU 814 Sale mae) 2 
MEXICO 
GEOTECNICA, S A 
ENOS AIRES, ARGENTINA 


TULSA, OKLAHOMA U.S A. PETRO-TECH SERVICE CO 


CARACAS, VENEZUELA 








RESERVOIR ENERGY CAN BE SAVED 
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OIL PRODUCTION CAN BE INCREASED 














Any number of Drain Holes, devi- 
ating with a 16-18 ft. radius, at 
different levels and in different 
oriented directions from a well and 
EXTENDING for 60 feet or MORE 
horizontally into the oil sand, can 

be drilled from any old well or 
from any new well AT ANY DEPTH 
«With Standard Rotary Drilling ¢ 
Methods and with conventional 
4%" Rock Bits. 


LAT OAT I 
lV 


In any type of Formation and Reservoir Conditions, oil 





will flow slowly from all sides into the Drain Holes, from 
which it flows slowly and without friction to the well. 


ZUBLIN DRAIN HOLES CONTROL THE FLOW OF OIL 
WITHIN THE OIL SAND SURROUNDING THE WELL 








Drain Holes are 
open and do not 
require casing for 
their protection. 
They are full of 
high pressure fluid 
at all times. 


PAINFUL PRODUCTION LOSSES of Oil and Gas 
Result from the following Causes: 


1. Tight Oil Sands with low permeability build up 
tremendous friction which hinders the flow of oil to 
the well. 

2. Loose Oil Sands with high permeability allow oil to 
flow at such high speed through the formation that 
the oil carries sands, colloidal and residual matters 
with it, depositing them either outside or inside the 
well with the following two-fold damages: 

Outside Deposits clog the sand pores of the formation 
and build up a filter cake around the well which 
gradually chokes the well to a fraction of its normal 
production 

Inside Deposits sand up the well or its pumping equip- 
ment which then requires frequent pulling jobs and 
replacements with the corresponding loss of produc- 
tion, time and money. 

3. Improper Water Drive produces excess water due 
around the well. Bottom water, with less 
resistance to flow than oil, fills the depleted sand 
around the well, which then produces water instead 
of oil. 


to coning 


4. High Gas-Oil Ratios are created when the gas in 
solution rapidly becomes free gas due to agitation 
of the oil during its high speed—turbulent flow. This 
gas, by-passing the oil, reaches the well first, leaving 
the oil behind. 


NOW — please note that, in every instance, the 
loss of production is caused either by oil flowing 
too slow or oil flowing too fast. 

Thus, unbelievably large amounts of oil remain in 
the ground because there has been no planned, 
effective Flow Control of oil within the oil sand. 


ZUBLIN DRAIN HOLES have been invented to regulate 
the flow of oil and gas and to prevent or reduce the 








flow of sand and water within the formation BEFORE 





they reach the well. 





CALL JE 6151 or JE 4433 for a “Full Size’’ Demon- 
stration in our plant (2369 East 51st St., Vernon, Los 
Angeles) showing how Drain Holes are drilled with 


ZUBLIN FLEXIBLE 


DRILL PIPE 


The Equipment is for rent to Producers and Contractors 
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When a new field makes its allowable day after 
day it’s pretty hard to worry about anything. 

But to ignore the opportunity to protect 
tomorrow's revenue, regardless of today’s cash 
intake, is to turn your back on the best years of 
a productive reservoir. 

Remembering that the average recovery from 
all fields in the United States represents only 22% 
of the oil in place, you need every possible 
advantage to produce, at a profit, a maximum 
amount of the oil you have discovered. 

When and how is such a “controlled” reservoir 
performance program established? Soon after the 
completion of key wells — before pressure decline 
has a chance to permanently alter reservoir fluid 
basic characteristics — Core Lab will perform its 


If it’s worth producing, 
it’s worth producing RIGHT! 


Ask your Core Lab man today 
about Reservoir Fluid Analysis! 


Sen Antoni 





Well Sampling Service by collecting a sample of 
the reservoir fluid at the bottom of the hole (or at 
the separator, if desired ). This sample is then trans- 
ported, under pressure, without loss of gas or oil 
to Core Lab’s extensive Bottom-Hole Laboratory. 

There experienced personnel, using techniques 
developed through previous studies of more than 
600 different producing horizons, analyze the field 
sample and establish Reservoir Fluid Analysis in- 
formation and formulae applicable throughout the 
productive life of the field. 


Barrel for barrel, dollar for dollar, the direct 
earning power of a Core Lab Reservoir Fluid 
Analysis Report can be greater than any other 
service performed throughout the history of any 
given field 


IN ALL ACTIVE AREAS 


Tyler, Wichita 


Falls, Lubbock, and Post, Texas; Oklahoma City, Oklahoma; Great Bend, Kansas; 
Shreveport, Lafayette and New Orleans, Lovisiana; Natchez, Mississippi; Bakers- 
field, California; Denver, Colorado; Worland, Wyoming; El Dorado, Arkansas; 
Fermington, New Mexico; Calgary and Ed ft Cc da; V la, S$. A. 














THE PROFESSIONAL MAGAZINE FOR PETROLEUM ENGINEERS 


nee of 
eS 
| de icin one 
i italia 


1951 





No. 11 


Vol. Il NoveEMBER, 





TABLE OF CONTENTS 
Editorial Features — Section | 

Hydrafrac Operations in the Spraberry, by Waldo L. 
Grossman . . 9 

Utilization of Rese match i in Prodaction of Oil, by John E 
Sherborne . . 15 

The Engineer’s Place i in “Management, Reported by D. B. 
O’Neill, Jr. . . i bitoo ghaae~ 

Petroleum Industry Smog ‘Research in C alifornia, 
Reported by Herman Dykstra . 22 

Petroleum Transactions 

An Experimental and Theoretical Investigation of 
ia Drainage Performance, by P. L. Terwilliger, 

L. E. Wilsey, Howard N. Hall, P. M. eee and 
R. 7 Morse ‘ 

Phase Equilibria in Hydrocarbon- Water Sy stems, 1v— 
Vapor-Liquid Equilibrium Constants in the Methane- 
Water and Ethane- Water Systems, by O. L. Culberson 
and J. J. McKetta, Jr. 2 

Measuring the Water Vapor Content of Gases Dehy drated 
by Triethylene Glycol, by Irwin Politziner, F. M. 
Townsend and L. S. Reid 

The Laterolog: A New Resistivity Lossing Method With 
Electrodes Using an Automatic es System, by 
H. G. Doll . ; ; 

The Calculation of Pressure Drop i in the Flow of Natural 
Gas Through Pipe, by Fred H. Poettmann. . . . . 317 


Institute Affairs — Section 


Drift of Things, by Edward H. Robie 
Personals ; hag ee ee 
Employment Notices 

Petroleum Branch Membership . 

Book Reviews . 

Advertisers’ Index 


ee 


On the on \ washing tool is guided to the 
engineer at California Research Corp.'s model well. The set-up is located 
at the company’s Oil Field Research Lab 25 miles east of Los Angeles. Full 
scale tools are used to drill and complete wells in artificial formations which 
are held in a pressure vessel 50 ft below the derrick floor. In the picture. 
weights on the kelly are necessary to prevent hydraulic ejection of the drill 
string through the rotary drilling seal. (JPT Staff Photo.) 
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SCRATEHERS 
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nc? FOR 


B-“W MULTI-FLEX 
SCRATCHERS 


@ SCRATCH ON THE UP-STROKE 
won't “tear up” the hole while run- 
ning in. 

@ RUGGEDLY CONSTRUCTED... 
Can “take it” on the casing rack and 
in the hole. 

© LONG, STRONG, REVERSIBLE 
Multiple wire scratching fingers —5 
inches long—are flexible, sturdy and 
scratch thoroughly. 


a GOOD combination 
with Bo@W LATCH-ON 
CENTRALIZERS 





KON-KAVE 
BOW 





Safest and 
Lasiest 
to Install! 


WEST COAST 
j Roart r 


GULF COAST 
Houston 12 Texas f 
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PRODUCT NO. 120 


as being 
outstandingly 


the BEST 


The story of BAKER SUPERIORITY began 27 years 
ago, and continues through the years with one improve- 
ment after another. Baker pioneered in using friable 
(easily drillable) materials for the internal construc- 
tion of shoes and collars; pioneered in using phenolics 
(plastics) for the construction of the valve assembly 
And, with experience over a 27-year period, Baker 
naturally possesses a superior knowledge of design, 
construction and operation of cementing equipment, 
and how such equipment should be used to secure suc- 
cessful, “first-time” cementing results. 

Proof that the Baker Cement Wash-Down Whirler 





A SEAMLESS — 
STEEL SHOE 











ACCURATELY 
CUT THREADS 
to fit any style casing 








BAKER-FORMULA 
CONCRETE 


and granular plastic 
—easily drillable 








PLASTIC BALL 
VALVE 


to seal instantly against 
a resilient valve seat 








AMPLE CIRCULATION 
PASSAGEWAYS 


for hole conditioning 
and cementing 








WASH-DOWN 
WHIRLER PORTS 
whirl the cement slurry 
and provide uniform 
encasement of the 
casing with cement 





Float Shoe (Product No. 120) is “BEST” is evident 
from thousands of perfect cementing jobs—under every 
type of field condition. You can easily secure additional 
proof on your next job 

Chere are dozens of products in the complete Baker 
line, ready whenever and wherever you need them— 
and remember also that Baker Service Engineers are 
available everywhere to recommend the proper com- 
bination to make your every job successful. The typical 
combination illustrated and described on the opposite 
page, solves many cementing problems—and may be 


ideal for your next job 


Whirling ow CENTER 1S THE 
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There is nothing 
‘just as good” as 


Whiling 


ON CENTER 










THE DOWNWARD HYDRAULICKING ACTION of the fluid 
through the baffled, side down-whirler ports of a Baker 
Whirler Shoe, and through the nozzle-like bottom out- 
let, effectively removes bridges and permits safe run- 








ning of the casing. 






When washing the formation at the cementing point 






to condition the hole, the “whirling” motion of the fluid 






helps remove mud cake from the side walls. This down- 






ward whirling is far superior to any side jetting action. 







The view at far right shows the “whirling” motion given to the 
cement slurry as it is discharged from a Baker Cement Wash-Down 
WHIRLER Float Shoe, with the shoe joint centered by means of 
a Baker Model “G” Casing Centralizer. This same whirling motion 
given to the circulating fluid, conditions and prepares the wall of 
the hole immediately prior to the discharge of the slurry. The 
whirling action of the slurry, in turn, not only supplements the 
hole conditioning process, but also ensures that the centered casing 
will be completely encased with a uniform body of cement and that 
the hazard of channeling will be reduced to a minimum 


















BAKER OIL TOOLS, IN 


HOUSTON + LOS ANGELES + NEW YORK 



































PRODUCTION POTENTIAL INCREASED because Dowell 
XM Acidizing Service reduced silicate swelling 


Dowell Acidizing Service offers you the benefit of 
19 years of extensive research and the experience 
gained in over 100,000 acidizing jobs! When you 
“Look to Dowell’’ you get the right acidizing treat- 
ment in your completion or work-over program. 


For example, Dowell’s experience has shown that 
some silicates, those of the clay mineral type found 
in certain dolomite and limestone producing forma- 
tions, swell during conventional acid treatments. 
This silicate swelling not only delays the clean-up of 
the well after acidizing, thus increasing rigtime, but 
also can actually reduce oil production. Dowell 
research tackled the problem and solved it. Now, 
Dowell xM acid . . . which contains special chemical 





DOowELL 


ACIDIZING SEK\ 


Ask your nearest Dowell station for complete information on these Dowell service 
Acidizing Service, Electric Pilot Services, Plastic Service, Chemical Scale Kem« 
heat exchange equipment, Jelflake, Paraffin Solvents, Magnesium Anodes for Corr: 


and Rulk Inhibited Hydrochlorie Acid. 


“First in Acidizing ... since 1932” 


ICE 
/ Bd 
8 and products 


agents to control silicate swelling . . . is available to 
you for the profitable acidizing of formations known 
to contain such silicates. 

A well completed in a Permian lime formation, 
known to contain swelling silicates, tested natural 
at 65 barrels of oil per day. Although acidizing 
treatments on comparable wells in the area had 
never given a potential over 100 barrels of oil per 
day, a 2000 gallon Dowell XM acid treatment 
produced a potential of 300 Bopp! 

Today, Dowell is still pioneering new techniques and 
new materials to bring you advanced methods for 
completing and reworking oil and gas wells. When 
you need an expert acidizing job, call on Dowell to 
give you the best. There is a Dowell station near you. 

DOWELL, INCORPORATED 


TULSA 3. OKLAHOMA 
Subsidiary of The Dow Chemical Company 


Loch 





al Service for 


Control 


FOR OIL INDUSTRY CHEMICAL SERVICE 





Hydrafrac Operations 


in the 


By Waldo L. Grossman 
Halliburton Oil Well Cementing Co. 


URING late 1950 and up to present date in 195] th 
D Spraberry sand production of West Texas has create | 
widespread interest in the oil producing industry. It is recog 
nized that there are many controversial opinions concerning 
operations in the Spraberry, its economic value, and future 
development. 

The application of Hydrafrac procedures to completion of 
Spraberry wells has become prominent in the development 
of these sands. This paper outlines the geology and historical 
development of the Spraberry and the use of Hydrafrac appli 
cations in these formations. 


INTRODUCTION 


The application of the Hydrafrac Process to wells complet 
ing from the Spraberry formation was begun during the latte: 
part of 1950. The Hvydrafrac Process consists of preparing a 
viscous gel to which a special sand is added and pumping 
this material into the producing formation at a rate which will 
develop sufficient hydraulic force to preduce and/or extend 
a fracture. The gel must be of an unstable character to revert 
to a thin fluid, such that it may be recovered from the well 
leaving the introduced sand in the fracture as a propping 
agent. In order to insure the reversion of gel to a fluid, breaker 
chemicals are mixed with crude oil and flushed into the form 
tion behind the gel. The success of these treatments has been 
closely associated with the current expanding drilling and 
referred to 
found at 


development program along an area commonly 
as the “Spraberry Trend.” “Top of Spraberry” is 
depths of 6,500 to 7.500 ft in most of this area. 
This trend covers an area over 100 miles in length and 50 
miles in width from the North Gail Field of Borden County 
to the Flatrock Field of Upton County. Location of this eight 
county area of West Texas is shown in Fig. 1. 
the fields discovered through June, 1951. are shown in Fig 


Location of 


First commercial production from the Spraberry was devel 
oped in the Spraberry Deep Field of Dawson County in Janu 
ary, 1949. In February of the same year, the Tex-Harvey Field 
was discovered. Although both produce from the Spraberry 
many characteristics of the two reservoirs are considerably 
different. Since the Spraberry is a relatively new producing 
formation, many controversial opinions are held with regard 
to it. 
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FIG. 1 — LOCATION OF EIGHT-COUNTY SPRABERRY TREND AREA IN 
WEST TEXAS 


This paper is presented to record the various manners in 
which the Hydrafrac treatment has been used for Spraberry 
completions and to report the trend of these various methods 
of Hydrafrac treatment. Sufficient information is not available 
at this time to preve conclusively which is the best method 
of treatment. In view of the trend of treatment technique, 
uggestions of possible formation reaction will be made for 


future observation and analysis. 


GEOLOGY 


The areal extent of the Spraberry sandstones is indicated 
which the eight-county 


do not outcrop, 


rectangular area in 
located.’ They 
similar in character to a giant sand lens. 

The Spraberry sands are developed in the lower Leonard 


in Fig. 1 as a 


“Spraberry Trend” is being 
| £ 


section of the Permian Series. The Spraberry section is gen- 
erally 1.000 ft thick over the area of current development. 
The “Upper” Spraberry is generally 200 to 250 ft in thickness, 
containing three developed sandstones, with an average net 
sand development of 90 ft. The “Middle” Spraberry is 300 to 
$50 ft in thickness, shale, with a total net sand 
development of less than 50 ft. The “Lower” Spraberry is 
similar to the “Upper.” containing four developed sand mem- 


primarily 


hers with an average net sand development of 170 ft.” 
Both the “Upper” and “Lower” members have essentially the 
They 


limestones and shale. 


same lithologic characteristics.’ are very fine grained 
sandstones with thin streaks of 

\ unique characteristic of the section is the existing vertical 
fracturing. The fractures are both vertical and parallel, con- 
-equently they are rarely interconnected in cores. The upper 
and lower limits of a fracture show no apparent relationship 
to lithology: they extend from sand to shale. Very little sec- 
ondary deposition has been observed in the fracture system. 
This fracture development is not as prevalent in the Spraberry 
Deep Field as in the Midland, Glasscock, Upton, and Reagan 
County area. A photograph of a core exhibiting this type of 


vertical fracturing is shown in Fig. 3. 
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Table | — Method of Treatment Application 


Open Hole Treatments 
Formation 
Anchor 
Packer 


Perf. Treatments Total 


No 
Treat- 
ments 


Straddle 
Packer 


Straddle 
Packer 


Casing 
Packer 


Casing 


Month Packer 


1950 

Sept. 

Oct. 

Nov. 

Dec. 
1951 

Jan. 9 

Feb. | 18 

Mar. 10 24 
Apr. 25 31 
May 22 37 

June 24 23 
Total 100 152 


HISTORY OF DEVELOPMENT 


Discovery of the North Gail Field in Borden County in 
farch, 1949, followed closely that of the Spraberry Deep and 
ex-Harvey fields. Development was relatively slow. During 
950, Spraberry discoveries were made of the Pembrook (Up 
on County); Germania (Midland County); Benedum-Spra 

rry (Upton County); Midkiff (Midland County); Huddle 
fanning (Dawson County): and Smith-Spraberry (Dawson 
ounty) fields. 

Through the first six months of 1951 discoveries include the 
Driver (Midland County) ; Glass-Spraberry (Martin County) ; 
Weiner-Floyd (Upton County); Snowden-Spraberry (Dawson 
County); Pembrook-North (Upton County); Weddell (Rea 
gan County); and Aldwell (Reagan County). Location of 
these fields is shown in Fig. 2. an eight-county map of the 
*Spraberry Trend” area. 

During the first half of 1951 the number of producers 
in 15 of these fields has increased from 63 to 316 and 
the monthly oil - production 172,561 to 678,720 bbl 
A comparison of monthly oil production and the 
of producing wells completed each month in these same fields 
with the number of all Spraberry Hydrafrac treatments dur- 
ing the same period is shown in Fig. 4. The first Hydrafrac 
treatment in the Spraberry was performed in September, 1950. 
However, the treatments performed in November, 1950, 
responsible for the acceptance of the process for Spraberry 


from 
number 


were 


completions. 

Prior to this period, most wells were shot with nitro-glycer 
ine to stimulate production; a few wells were treated with acid 
Shooting with nitro-glycerine was very successful in the Spra 
berry Deep Field and results were good in the Tex-Harvey 
Field; however, due to differences between the fields, the 
clean-out problem in Tex-Harvey was more troublesome than 
in the Spraberry Deep. On the basis of average reported poten- 
tial test data for 168 wells completed prior to June 15, 1951, 
in the Tex-Harvey Field; 43 wells completed by shooting 
ranged from 27 BOPD to 522 BOPD, with an average of 236.3 
BOPD; whereas 125 wells completed by Hydrafrac treatment 
ranged from 21 BOPD to 803 BOPD, with an average of 
314.6 BOPD. 
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DRILLING PRACTICES 


Several different casing programs are being used in this 
area, both for reason of difference of opinion and because of 
shortage. One method is to set about 300 ft of sur- 
3.800 to 4,200 ft of intermediate casing and a 
5\4-in. or 7-in. full oil string. A second method includes the 
first two strings mentioned previously, followed with 54-in. 
or 7-in. long liner for the oil string. A third method is to set 
1,500 to 1,700 ft of surface casing, followed with a full 544-in. 
or 7-in. oil string. A fourth method reduces the previously 
listed surface casing to 300 ft. 


the casing 


face casing, 
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FIG. 2 — SPRABERRY SAND FIELDS THROUGH JUNE, 1951 


November, 1951 





FIG. 3— TYPICAL CORE OF SPRABERRY SAND, SHOWING EXISTING 
VERTICAL FRACTURE. 


The oil string is generally set 30 to 60 ft above the expected 
“Top of Spraberry.” However, in a few cases the oil string has 
been set at, or slightly below, the “Top of Spraberry”; or 
through the “Upper” or “Middle” Spraberry, or through the 
entire Spraberry section. 

Drilling in for open hole completion is generally performed 
by rotary drilling, using Spraberry crude oil as a reverse cir- 
culating fluid. Cable tools also are used by some well owners 
and their use is on the increase. One well owner used com- 
reverse circulating medium with rotary 


pressed air 


drilling. 


as a 


Water base and emulsion muds have proven generally un 
satisfactory in the Midland, Glasscock, Upton and Reagan 
County areas. This is the area of greatest active drilling and 
also the area of most successful Hydrafrac completions 

The greatest part of the current development is in the 
“Upper” Spraberry. Most wells are either drilled 50 to 75 ft 
into the “Upper” Spraberry or are drilled through the com 
plete 200 to 250 ft section. In a few wells completion has been 
from open hole in the “Lower” Spraberry and through per 
forations in the “Upper” Spraberry. Most of the treatments 
through casing perforations have been on wells in which cas 
ing through the Spraberry was necessary to test or produce 
a lower pay formation. 


RESERVOIR CHARACTERISTICS 


The Spraberry Deep Field is of the closed anticlinal struc 
ture type. The Germania, Tex-Harvey, Driver, Midkiff, Weiner- 
Floyd, Pembrook North, Aldwell, Pembrook and Benedum 
fields may eventually all connect together as one reservoir of 
the permeability-porosity type with possible closure in part 
of the Benedum area. Not only is the producing area unde 
fined for the latter field, the top and bottom of the producing 
section has not been satisfactorily defined. 

The permeability of Spraberry sand sections generally ranges 
from 0 to 10 md; occasional samples have been reported to 
run 70 to 80 md. The average probably is about 1 md. Aver 
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age porosity ranges from 10 per cent to 15 per cent, with a 
high connate water content. Spraberry crude ranges from 38 
to 40° API gravity; gas/oil ratios from 350 to 900; bottom- 
hole pressure from 2,100 to 2,300 psi. 

Core analysis will not evaluate the fracture system. Cores 
may indicate loss of cement, mud or lost circulation materials 
into the fracture system. In one case cement was found over 
50 ft below “Top of Spraberry” where casing had been set at 
TD of 30 ft above “Top of Spraberry.” Drill stem tests may 
indicate production; however, a poor recovery on drill stem 
test is not sufficient to condemn the section tested. Electrically 
recorded surveys serve for correlation and sand development 
purposes; however, fluid content or productivity interpreta- 
tions are not universally agreed upon. 


METHOD OF TREATMENT APPLICATION 


All Hydrafrac treatments of the Spraberry through June. 
1951, have been performed with a packer in the well. Open 
hole treatments may be performed with several general types 
of packers: 

t. Packer set in casing. Treat open hole below casing shoe to 
total depth. 

2. Single formation anchor packer set in the open hole, gen- 
erally treat from packer to total depth. Treatments of open 
hole above packer back to casing shoe has generally re- 
sulted in a fishing job. 

3. Straddle type formation packer with one or both packer 
elements set in the open hole; treat open hole between two 
packer elements. 

Treatment through casing perforations could be either of 
two types: 

1. They may be either above or below a single casing packer. 
None have been reported performed above such a packer 
as of this date. 

2. They may also be performed between straddle type packers. 
4 breakdown into these five classes is shown in Table I of 

all Spraberry Hydrafrac treatments by months through June. 

1951. These data indicate the preference of open hole com- 

pletion. Surface treating pressures are generally considered 

below normal for Hydrafrac treatment of wells 6,500 to 7,500 

ft deep. This may be explained as a result of the existing frac- 

ture system in the Spraberry section. Oil generally is pumped 
into the formation prior to Hydrafrac treatment at pressures 


Table II - 


Size of Hydrafrac Treatment 


Month Amount of Gel Fluid — Gallons 


500 2,250 3,000 38,750 4,500 5,250 6,000 
1950 
Sept 
Oct. 
Nov 
Dec 
1951 
Jan 
Feb 
Mar 
Apr 
May 
June 
Total 
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FIG. 4 — COMPARISON OF MONTHLY OL PRODUCTION AND NUMBER 
OF ALL SPRABERRY HYDRAFRAC TREATMENTS DURING SAME PERIOD 


from 600 to 1.800 psi. Average is about 1,000 psi. Maximum 
treating pressure ranges from 1.500 psi to 3,500 psi. Averaze 
is about 2.500 psi. 
bbl per 


treatment. 


Average injection rates of three to four 


min are generally maintained during Hydrafra 


SIZE HYDRAFRAC TREATMENT 


The first 
formed using 1.500 gal of gel 


Hydrafrac 
fluid. 


began using larger volumes of gel fluid per treatment. The 


few Spraberry treatments were per 


Some well owners 


soon 


number of treatments for each size treatment by month- 
1951, is Table Il. These data 
the trend upward toward large size treatments and also indi 
tate that than a 1,500 gal is probably not 
desirable. In this area 750 gal of gel fluid mixed with 400 Ib 
wf sand, followed by 1.500 gal of crude oil, mixed with breaker 
chemicals, is considered 


for Hydrafrac 


The first change in treatment was to increase the number 


through June. listed in show 


less treatment 


a normal single batch of chemicals 
treatment. 


wf batches used. The second change was to increase the amount 
pf sand te 600 or 800 Ib per batch for some treatments. Dur 
ing June, 1951. the amount of sand used averaged about 500 
Ib per batch for all 
reduction of breaker chemicals. 


treatments. The next change was the 


Satisfactory results have been 
obtained by reducing the volume of breaker fluid used by one 
half. Another technique has been to displace the gel only into 
the formation with crude oil mixed with breaker chemical- 
This practice has not been fully evaluated and is not recom 
mended for any other producing formation at this time. 


RE-TREATMENTS 
Ke-treatments have been of two general types. First, zones 
initial treatment. The 
volume than the first 
treatment. In a few cases, the second treatment has increased 
sufficiently that 
treatment to result in a commercial well. 


have been re-treated a few days after 


second treatment is always a larger 


production over resulting from the initial 
The second type of re-treatment is that performed on wells 
which were completed as commercial wells after the original 


treatment. If, after producing several months, these wells nx 
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longer are capable of making their allowable production, re 


treatment with increased volumes of gel fluid has been suc 


cessful 


THEORY OF TREATMENT 


The Hydrafrac 
stimulating oil production from the Spraberry section. Why 
work ? 


result in better well completions. 


treatment has been proven as a method of 


and how does it An answer to this question should 

Pumping crude oil. or kerosene, has been tried without 
commercial success in the Spraberry. What is the difference 
between the Hydrafrac 
Hydrafrae 


enables the suspending and pumping into the formation of 


treatment and an oil squeeze? Pri- 
marily. gel fluids have very high viscosity which 
a specially graded sand. As a result of these differences sev 
eral proposals may be made as to what happens to the for- 
mation as a result of a Hydrafrac treatment: 

First. the existing fractures may be further opened and held 
apart by the sand grains introduced into the formation in the 
gel fluid. Second. the existing fractures may be extended and 
both original and extended fractures held apart by the prop- 
Third 


be enlarged due to the abrasive action of the propping agent 


ping agent the existing fractures and extensions may 


introduced in the gel fluids at high velocity. Fourth. due to 
the peculiar nature of vertical and parallel fracturing, trans 
verse breakage may occur from fracture to fracture due to 
the bending applied to these layers in the vicinity of the bore 
hole 


mav all be 


The high viscosity. low fluid loss characteristics and sand 


factors which allow the necessarv bending force 


applied to these lavers 


io be 


CONCLUSIONS 
of West 


The problem of producing this reserve with 


The Spraberry formation Texas is proven as 4 
great oil reserve 
a matter of considerable 


financial gain for the well owner is 


concern to many people. Additional experience in the -everal 
means of Hvdrafrac application will better enable evaluation 


as to the best possible method of treatment 
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SINCLAIR RESEARCH LABORATORIES —nine buildings containing the 
have contributed many o! 
today’s most important developments in petroleum products, pro 


most modern testing equipment known 


& 


duction and refining. Under the Sinclair Plan, the available capacity 
of these great laboratories is being turned over to work on the 
promising ideas of independent inventors everywhere 


An Offer of Research Facilities 


to Inventive Americans Who Need Them 


The Sinclair Plan is opening up the Company’s great laboratories 
to every American who has an idea for a better petroleum product 


PJ NVENTIVE Americans are often at a loss 
] today. Not because of any lack of ideas, 
but because of a need for expensive facilities 
to find out if and how their ideas work. 

This was no obstacle in our earlier days 
The Wright Brothers designed their first air- 
plane with the help of a foot-square home- 
made “wind box”—and the plane flew. 

In contrast, the man with a new idea in 
airplane design today often needs a super- 
sonic wind tunnel costing millions. 

In short, science and invention have be- 
come so complex that a man with an idea 
for a better product often needs the assistance 
of an army of specialists and millions worth 
of equipment to prove his idea has value. 

Within the petroleum field, the Sinclair 
Plan now offers to provide that assistance. 

Under this Plan, Sinclair is opening up 
its great research laboratories at Harvey, 
Illinois, to independent inventors who have 


§ 


sufficiently good ideas for better petroleum 
products or for new applications of petro- 
leum products. 

If you have an idea of this kind, you are 
invited to submit it to the Sinclair Research 
Laboratories, with the provision that each 
idea must first be protected, in your own 
interest, by a patent application, or a patent. 


The inventor's idea remains his own property 


If the directors of the laboratories select your 
idea for development, they will make, in 
most cases, 4 very simple arrangement with 
you: In return for the laboratories’ invest- 
ment of time, facilities, money and personnel, 
Sinclair will receive the privilege of using the 
idea for its own companies, free from royal- 
ties. This in no way hinders the inventor 
from selling his idea to any of the hundreds 
of other oil companies for whatever he can 
get. Under the Plan, Sinclair has no control 


over the inventor's sale of his idea to others, 
and has no participation in any of the 
inventor's profits through such dealings. 
Moreover, it is a competitive characteristic 
of the oil business that the new products 
adopted by one company are almost invar- 
iably adopted by the whole industry. This 
means that the very fact of his agreement 
with Sinclair should open up to the inventor 
commercial opportunities which might 
otherwise be hard to find. 

How to proceed: Instructions on how 
to submit ideas under the Sinclair Plan are 
contained in an Inventor's Booklet available 
on request. Write to: W. M. Flowers, Execu- 
tive Vice-President, Sinclair Research Labo- 
ratories, Inc., 630 Fifth Avenue, New York 
20, N. Y. for your copy 

IMPORTANT: Please do not send in any ideas 
until you have sent for and received the 
imstructions 


SINCLAIR —a Great Name in Oit 





There is considerable evidence in 
support of the proposition that several 
thousand years ago, Noah, in plying the 
Euphrates River in his ark, was pur- 
suing his usual trade of being a mer- 
chant seaman; and that, in times of 
normal rainfall at least, part of his 
cargo was bitumen from the large de- 
posits which occur along the river's 
banks. For this tarry substance he 
found a good market among the Egyp- 
tians who had discovered it to be useful 
in caulking their boats. 

Undoubtedly, earlier uses of petro- 
leum were discovered as a result of 
man’s curiosity and his readiness to 
adapt his findings to improving his wel- 
fare. The significant fact that man not 
only had curiosity but the aptitude to 
classify and utilize the observations, 
both physical and mental, which his 
curiosity led him to make, is the basis 
for the tremendous increase in our 
fund of knowledge since Noah’s day. 
Couple this research, the orderly effort 
resulting in new knowledge, with man’s 
enterprise and there exists the basis for 
business growth. 

It is a far cry from the business in 
which Noah engaged to the vast indus- 
trial enterprises of today and, in like 
manner, industrial research has emerged 
from equally humble beginnings until 
today it must in itself be classed as 
big business. According to the best 
available estimates, the petroleum in- 
dustry is currently spending over $100,- 
000,000 annually for research. Equally 
significant is the fact that since 1947 
more than a dozen multi-million dollar 
laboratories have been built by the pe 
troleum industry, many of which have 
been especially for the pursuit of re- 
search in oil production. 

Research management, like the gen- 
eral industry management of which it 
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f RESEARCH 
In Production of Oil 


By John E. Sherborne 
Union Oil Co. of California 
Member AIME 


is a part, in initiating and pursuing re 
search, must have as its objective the 
increasing of the profitability of that 
industry's operations. That research has 
proved profitable to industry is a fact 
which no informed person will dispute 
It is the object of this discussion, how 
ever, to explore ways in which research 
can be made yet more profitable. 


MAKING RESEARCH 

MORE PROFITABLE 
One important means of increasing 
the profitability of research is in im- 
proving the relationship which exists 
between research, engineering. operat 
ing and personnel. For 
industrial research to be profitable, it 
must be utilized. and for optimum utili 
zation to exist. members of each of the 
above industrial groups must engage in 
“team thinking.” For 
several team, 
each member must be cognizant of the 
others’ functions and 
scope and importance of 


management 


members of the 
groups to behave as a 
appreciate the 
them. Each 
must understand the basic requirements 
for the solution of the others’ problems, 
and must 
others’ approach to the solution of their 
problems. 

Research personnel can improve their 
usefulness to the engineer if, during 
the course of their investigations, data 
gathering is conducted in such a man- 
ner that the significant variables are 
examined range of conditions 
which can be expected to encompass 
those which will exist in practice. Such 
information adequately correlated can 
save the engineering staff much labor 
and will materially minimize the degre« 
to which the must 
estimate and assumption. 

Those engaged in research will also 
do well to examine the direct approach 


familiarize himself with the 


over a 


engineer resort to 


JOURNAL OF PETROLEUM TECHNOLOGY 


used by the operating man, the tech- 
niques he has developed for planning 
and coordinating the variety of diversi- 
fied but related activities which con- 
stitute his operations, and the extent 
to which he utilizes equipment to in- 
crease the effectiveness of labor. The 
research man will profit too by a better 
understanding of the factors which mo- 
tivate management—by being more cog- 
nizant of what part his project plays 
in the company’s activities, what its 
cost is relative to the other expendi- 
tures which must be made, what its suc- 
cessful completion can mean to the 
company, and how changing conditions 
can affect the outcome of a particular 
research project. More than once re- 
search men have been encountered who, 
having successfully completed a proj- 
ect, were dismayed to find that no plans 
for the current utilization of the results 
of their work existed at the time. While 
there may be some instances in which 
the starting of such a project was bad 
management, in most such cases it is 
highly likely that excellent reasons ex- 
isted for starting the research initially 
and for continuing it, but that condi- 
tions prevailing at the time of culmina- 
tion did not permit bmmercial appli- 
cation at that particular time. 

It is more generally true than not 
that developments likely to yield large 
profits require large scale operation and 
sizable expenditures of funds in order 
to commercialize them. As a_ conse- 
management must consider 
carefully the commercial application of 
a new development in the light of a 
number of factors. Some of the more 
significant of these are the company’s 
financial condition at the time, the mar- 
ket situation with respect to the mate- 
rial or process resulting from the re- 
search, the merit of the development 


quence, 
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relative to that of other proposals which 
management. 
other 


must be considered by 
and the probable impact that 
technical developments may have upon 
its commercial application. In the case 
of oil production, commercial utiliza- 
tion of a new proposal often means 
that not only must management be con- 
vinced of its profitability, but. in addi- 
tion, operating partners, land owners, 
neighboring operators and their land 
owners, and government agents must 
also be educated and convinced of the 
value of the development before it can 
be applied. Management has a respon- 
sibility to the 
his interest in these factors, and while 
it cannot be expected that an explana- 
tion of the specific details leading to a 
particular decision regarding a project 


research man to foster 


will always be forthcoming, research 


personnel should, whenever possible. 
be as fully apprised as is reasonable of 
the factors bearing upon the decision. 
Similarly, members of the other 
groups must bear in mind that by the 
very nature of the problem assigned to 
Shim, the research man does not usually 
have available techniques and_ tools 
proved by past use to be the most sat- 
isfactory for a_ particular 
The operating man knows from previ- 
Yous experience which of the equipment 


and procedures available will be most 


operat jon. 


suitable for preparing a rig site, for 
example, and can feel reasonably con- 
fident that selected the 
tools and plan of attack, the job will 
be accomplished with dispatch. Even a 


once he has 


piece of new equipment not heretofore 
tried by him has usually had a long his 
tery of development by its manufactur- 
ers before being submitted for use by 
the operating man. Often, however, in 
research it is not only necessary to de- 
velop a suitable procedure but to design 
adequate equipment also. Furthermore. 
the development of a suitable proce- 
dure will more likely than not require 
that several alternative approaches be 
explored before a satisfactory one is 
found. Nearly always, 
must 


certain basic 


data be gathered, either by a 
painstaking survey of the literature or 
by actual performance of research, be- 


fore an adequate foundation for the 


applied research in question can be ob- 


tained. It is also natural for research 
men to interest themselves in new sci- 
entific discoveries and, if they are per- 
forming their jobs properly. they will 
continually evaluate such new develop- 
ments in terms of what these can mean 
to the company. These discoveries may 
be the product of other research labs 
from the 


oratories or they may result 


researcher's own efforts. In either case. 
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proper evaluation of them frequently 
requires that a certain amount of re 
connaissance be performed. In such in- 
stances, the scientist and his super- 
visors must be cautious that the project 
to which he was 
which it has already 


that the company needs an answer. is 


assigned, and for 


been determined 


not unduly neglected. Many times these 
considerations result in suggestions of 
research which might profitably be un- 
dertaken by the company; 
is often necessary to consider such proj- 
Here 


again the research director can be aided 


however, it 


ects as long range undertakings. 
by group opinion in properly orienting 
the new proposal with respect to its 
relative significance as compared with 
projects currently being pursued 


VALUE OF “TEAM 
THINKING” 

It seems reasonable to expect that 
for a company, in which the members 
of the several groups have improved by 
adequate liaison their mutual under 
standing and confidence to the extent 
that “team thinking” 


creased utilization of research will be 


is practiced, in 


achieved by: 
1. Initiation of projects most likely to 
prove profitable to the company 
2. Preserving a balance suitable to the 
company’s needs between long and 
short range projects. 
Decreasing the lag which exists be 
tween discovery and development on 
the one hand and application on the 
other. 
Providing a basis for joint solution 
of problems where larger than lab 
oratory or field-scale experimentation 
is necessary. 
It should not be implied that because 
a company has “team thinking” it can 
be expected that all of its research 
projects will be successful. In a way, 
research is like wildeatting. There are 
two ways in which an ois company can 
increase its reserves. One is by obtain 
ing new oil fields. Another is by im 
proving the efhiciency of recovery and 
developing new ways of recovering ad 
ditional oil from its present oil fields 
field 


the geologists generally consider many 


In setting out to look for new 


more plays than they have funds avail 
able with which to explore, and pre 
sumably choose from among these plays 
only those which appear to have the 
greatest probability of being profitable 
to the company. 

situation ex 


In re earch, a similar 


ists there are always more projects 


which show promise of being profitable 
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which funds are avail- 
able. Consideration of these projects by 
members of the several groups will 
insure that the director of research will 
have the benefit of the several points of 


than those for 


view in the choosing of those projects 
most likely to fit the company’s needs. 

This close coordination serves to ac- 
quaint the operating men with the need 
for long range research and the re- 
search personnel with a knowledge of 
problems for which there is required 
an immediate solution. Thus, a suitable 
balance between long and short range 
projects can be maintained. In consid- 
ering what this balance should be, 
thought must be given to the nature of 
the company’s business, whether or not 
one which 
is looking forward to a long life. or 


it is a continuing business 


one which is undergoing substantial 


metamorphism. A company’s financial 
situation at any given time and a prog- 
nostication of what its probable finan- 
cial situation will be over a period of 
time must also be considered. Ob- 
viously, it would be foolish to embark 
upon a project which required for its 
solution a long period of time no mat- 
if ihe 


were 


ter how promising it 
company’s financial condition 
such that the would have to 


be abandoned for lack of funds before 


appears, 
project 


it could be completed. On the other 
hand, a business expecting to remain 
operating for a long period of time 
must of necessity consider prosecuting 
research which will answer the ques- 
tion, “What are we going to do when 
we can no longer do profitably what we 
are now doing?” It need not be unduly 
stressed that the research effort neces 
sary for the answering of this question 
should commence at a sufficiently early 
date to permit a comfortable margin 
between the obtaining of the answer 
and the deadline which exists. 


It has been the writer's observation 


in studying research in industry that 
a lag of several years frequently exists 
between conception and development 
of an idea and its final application in 
the field. It is in decreasing the lag 
between discovery and application that 
there is believed to be an area for in- 
creasing profitability of research, It 
would appear that a number of ways 
exist for decreasing this lag. some of 


the more significant of which are: 


l. By improving the liaison between de 

partments and between individuals 
in different departments, i.e¢., by fos- 
described a- 


tering what has been 


“team thinking.” 


», Research personnel must continue to 


improve their ability and increase 
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their effort to put their findings into 
reports which are concise, logically 
constructed and simple in language. 
As Howard C. Pyle’ has observed, 
research men should, in talking 
about their work, treat the subject 
with enthusiasm. They should avoid 
the use of “six-bit words” and 
should refrain from introducing into 
the communication interesting phases 
of their work that are unrelated to 
and detract from the main discus- 
sion. 

3. In writing research reports, attention 
should be paid to its intended read- 
ers, and its content should be ar- 
ranged accordingly. Reports to mem- 
bers of management or operating 
groups should be presented in non- 
technical terms, with such support- 
ing technical data as are necessary 
confined to appendices to the report. 

. Research men should be prompt in 
acknowledging requests made of 
them by members of other depart- 
ments and in executing the work re- 
quired. In a like manner, for cases 
where it has been agreed that such 
are necessary, engineers and oper- 
ating men should be prompt in ar- 
ranging for pilot and field-scale ex- 
periments. 

5. For projects which cannot be com- 
pleted in a short period of time, the 
research department should issue pe- 
riodic reports indicating to the de- 
partments involved the progress 
which is being made on the research. 
Ability to win confidence and to sell 

the results of one’s work and a readi- 

ness to accept and to put into applica- 
tion new ideas are characteristics 
which all members of industry can well 
afford to develop. According to James 

C. Zeder2 “A research head has one of 

the most frustrating jobs in the world 

~ selling new ideas to people who are 
operating successfully with old ideas - 
and he must not only have the courage 
of his convictions but also the salesman- 
ship necessary to get them accepted by 
his management.” It goes without say- 
ing that this applies also to the research 
man in dealing with any of the mem- 
bers of other departments to whom he 
must sell his idea. This serves to em- 
phasize once more the importance of 
building mutual confidence between the 
members of the several groups which 
must produce and utilize research. 

Another way in which the utilization 
of research can be made more profit- 
able is by acceptance of the concept 
that there is a “level of intensity” 
of effort below which it is unlikely that 

a project can be successfully culmin- 

ated. Obviously, it would be unwise to 
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attack a problem for which an answer 
must be had in, say, five years at a rate 
of activity which will require ten years 
for its completion. It is particularly 
easy in setting up research budgets and 
in considering new research projects to 
ignore this point. Consideration of the 
concept of “level of intensity” in 
research suggests that attention should 
be called to the fact that there are a 
number of areas of production research 
for which there is a sufficient paucity of 
fundamental data that the necessary 
applied research cannot proceed in any 
one laboratory with an adequate inten- 
sity of effort. Here, it would seem that 
not only is increased cooperation within 
a company advantageous, but that co- 
operative research on an industry-wide 
scale would lead to more profitable uti- 
lization of research. It is true that the 
industry, by sponsoring activities of the 
American Petroleum Institute, the Nat- 
ural Gas Association of America, and 
similar industrial organizations, has 
initiated a number of profitable cooper- 
ative research projects. It is the writ- 
er’s belief that considerable opportu- 
nity exists to enhance applied research 
by extending inter-company research to 
include a greater number of such proj- 
ects, but these must be carefully con- 
sidered, well directed, and closely co- 
ordinated. In all such cooperative proj- 
ects, adequate liaison and _follow- 
through must be maintained by the 
member companies. How useful the re- 
sults of such projects will be to an indi- 
vidual company will depend almost 
completely on the degree to which it 
assists through its representative in 
keeping before the project director the 
broad objectives to be achieved and 
in adapting the results of such projects 
to its own applied researches. 


Besides maintaining an 
“level of intensity,” attention should 


adequate 


be paid to preservation of the contin- 


ity of research if such efforts are to 
provide the greatest yield. Research 
directors should’ bring to the atten- 
tion of management the full impli- 
cations of embarking upon a new proi- 
ect. Not only should the potential re- 
wards be enumerated, but the financial 
burden and the scale of the undertak- 
ing should be delineated as clearly as 
possible. Research personnel should 
avoid the temptation markedly to ex- 
pand their activities when profits are 
high; and, likewise, management ought 
to refrain from severely curtailing re- 
search when profits are low, if the com- 
pany is to utilize its research to the 
fullest extent. While the research de- 
partment should grow with the steady 


JOURNAL OF PETROLEUM TECHNOLOGY 


growth of the company, its activity 
should not fluctuate barometrically 
with the pulse of business activity. An 
examination of the records of a num- 
ber of companies shows that the rate 
of growth of a company having an 
effective research department is a func- 
tion of the amount it spends for re- 
search. It seems reasonable therefore, to 
postulate that the research effort be 
geared to the rate of growth permitted 
by a company’s condition averaged over 
a period of years rather than to such 
arbitrary indices as gross sales and the 
like. 

Furthermore, there is a widespread 
tendency among members of manage- 
ment to admonish supervisors to cut 
costs. It is realized, of course, that in 
most instances when such exhortations 
are made, what is really meant is that 
care should be taken to insure what- 
ever money a company has to spend 
will be used in as wise a manner as 
possible. When it is necessary to cut 
expenditures, careful consideration must 
be given to the relative profitability of 
one expenditure as compared to an- 
other. Failure to do this can result 
in neglect or abandonment of opera- 
tions which would ultimately result in 
greater profit than those which are con- 
tinued. Possibly a better slogan than 
“cut the cost” would be “increase the 
value” of expenditures so that more 
can be had for less. It is even more im- 
portant for management to be accurate 
in stating its objectives than it is for the 
scientist and engineer to refrain from 
jargonizing with technical terms their 
reports to management. 


MECHANISMS FOR 
IMPROVING UTILIZATION 


So far, the discussion has centered 
around desirable means of increasing 
the utility of research with little spe- 
cifie discussion of how to bring it 
about. There are a number of mech- 
anisms being used within the industry 
today for bringing about improved uti- 
lization of research. Some of those 
which appear to have proved particu- 
larly beneficial will be discussed. One 
approach which has been adopted has 
been the use of research sponsoring 
committees as a means of bringing in- 
terested members of each of the sev- 
eral departmental groups together. In 
one company with which I am familiar, 
these committees operate on several 
levels, there being a top management 

Continued on Page 7, Section 2 
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DRILLING COS] Writing in a leading oil 

journal, a production exec- 
utive of one of the world’s largest oil companies makes 
the statement that “the average well-drilling costs have 
more than doubled in the last 10 years.” The increase, 
he says, is the result of higher wages, higher invest- 
ment costs of equipment, higher cost of materials 


and supplies, and the greater average depth of wells. 
Although affected by the same conditions, the price 
of cementing has risen only slightly in the same 


period and is, in fact, lower today than it was in 1924. 


y any yardstick, Halliburton cementing prices are low. 
B dstick, Halliburt t l 


vairman of the Company 


HALLIBURTON OIL WELL CEMENTING CO. 


Duncan, Oklahoma 











West Coast Fall Meeting 


The West Coast Fall Meeting of the Petroleum Branch 
AIME, held Oct. 26 and 27 in Los Elks Club, at 


tracted 312 members and guests from the Southern California 


Angeles 


area. A program of 14 papers assured good attendance at all 
technical sessions. At the Pacific Petroleum Chapter luncheon 
California members heard Richard W. French, Branch chair 
man, speak on the state of the Petroleum Branch. AIME Pre 

ident W. M. Peirce spoke briefly on Institute-wide matters 
Petro 


leum Chapter of the Petroleum Branch, was held in conjun 


rhe entire meeting. although presented by the Pacific 


tion with the Metals and Mining branches. both of which had 
a minor program of papers. For the first time at a Petroleum 
Branch meeting. exhibitors competed for Awarded 
first prize for the best exhibit was Lane-Wells Co. Second and 
third prizes were awarded McCullough Tool Co. and Eastman 
Oil Well Survey Co. At the Chapter luncheon, Wayne Glenn 
chairman of the 


honors. 


program committee for the meeting. was 
elected chairman of the Pacific Petroleum Chapter for 1952 
The meeting was concluded with a dinner-dance in the May 
fair Hotel. 


M. L. Haider, president-elect of the Institute, left, chats 
with Wayne Glenn, program chairman, during a break in the 
technical sessions. Glenn was elected chairman for 1952 of 
the Pacific Petroleum Chapter, hosts for the meeting. 


Seated at the head table of the Chapter luncheon in Los Angeles’ Town House are Edward H. Robie, AIME secretary; 


M. L. 


Haider, Richard W. French, Petroleum Branch Chairman; Basil Kantzer, chairman of the host Chapter; and W. M. 


Peirce, AIME president. At right, members register for the two-day meeting. 


LANE @ WELLS 


"¢ ti igh F 


Winner of the first annual Exhibits Contest was the display offered by Lane-Wells Co, Other winners were exhibits of 


McCullough Tool Co. and Eastman Oil Well Survey Co. 


At right, members chat during Chapter luncheon at the Town 


House. Branch Chairman Richard W. French spoke briefly on Branch affairs. 
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An excerpt from our booklet, ‘Texas —First in Natural Gas” .. . 
presented for your information by our Oil and Gas Division. 
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The Engineer’s Place in Management 


The pattern for successful manage- 
ment was proposed more than 3,000 
years ago in the form of Jethro’s advice 
to Moses when the former counseled 
Moses to select a number of able, God- 
fearing. truthful men to be rulers of 
thousands, hundreds. fifties and tens, 
and bring only the important matters 
to Moses for final decision. This pat- 
tern remains unchanged today. 

With this thought introduced, S. F. 
Bowlby, vice-president of Shell Oil Co., 
proceeded to enlighten members of the 
junior and senior groups of the Pacific 
Petroleum Chapter on their chances of 
developing necessary attributes for key 
managerial positions. 

Bowlby addressed his remarks pri- 
marily to the younger technical people, 
since many of them seem to be con- 
cerned about where they are going and 
how to get there. He said that while 
engineering and management inevitably 
grade into one another, engineering is 
the application of the natural sciences 
while management of that application 
is an art. Furthermore, although it is 
well known how a person may become 
an engineer, he stressed that there is 
no sure road to managerial success. 
Bowlby defined a manager as “one who 
accomplishes the desired end through 
others, using responsibility and autho- 
rity delegated to him by the owners, to 
whom he is accountable.” The three 
magic words of management, then, are 
authority, responsibility and account- 
ability. 

After a variety of engineering and 
managerial assignments in Oklahoma, 
Texas and Louisiana and in Europe, 
Bowlby became, in 1940, chief exploita- 
tion engineer for Shell, in Los Angeles. 
After other managerial positions in 
California, he was appointed vice-presi- 
dent in charge of exploration and pro- 
duction for his company’s western oper- 
ations in 1946, at the age of 41 — one 
of the company’s youngest vice-presi- 
dents. In 1949, he was named regional 
vice-president in charge of exploration 
and production for the West Coast and 
Rocky Mountains. 

He used the American petroleum in- 
dustry’s phenomenal growth and devel- 
opment during the past 50 years as an 
example of what he felt to be the “per- 
sistent application by its managers of 
sound engineering principles to a busi- 
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Reported by D. B. O'Neill, Jr. 


Pacific Petroleum Chapter 


S. F. BOWLBY 


ness where free enterprise and competi- 
tion have thus far been unsurpassed.” 
He felt, also. that an additional aid in 
the success of management in this in- 


Branch to Continue 


dustry was the application of the engi- 
neering method in making decisions. 
This method, Bowlby stated. consists of 
five steps: (1) clearly defining the 
problem, (2) getting all the facts, (3) 
working out alternative solutions to the 
problem on the basis of the facts, (4) 
choosing the best solution, and (5) fol- 
lowing through to see that the chosen 
solution gets the job done. It is his con- 
tention that, without such planning on 
the part of management, the American 
petroleum industry could not have real- 
ized the remarkable growth it has seen, 
nor would it presently be capable of 
fulfilling the needs of the nation as it 
is doing today. 

Inasmuch as the engineering method 
is widely used by management today, it 
should follow, Bowlby felt. that engi- 
neers trained and experienced in the 
application of this method should be 
looked upon by the oil industry as the 
major source of future managers. How- 
ever, Bowlby emphasized that the op- 
portunity and demand exist especially 


Continued on Page 3, Section 2 


Publication 


Of Annual Statistics Volume 


In a recent survey of the membership 
of the Petroleum Branch, AIME, 67 
per cent of the membership voted to 
continue publication of the volume, 
Statistics of Oil and Gas Development 
and Production. Previously, it had been 
proposed that publication of the vol- 
ume be suspended. The survey also re- 
vealed that 36 per cent prefer to finance 
the publication through a provision in 
the annual Branch budget. 39 per cent 
prefer financing it from sales of the 
volume to users and 15 per cent voted 
to solicit subscriptions from industry. 

As a result of these findings, Branch 
Chairman Richard W. French said: 
“(The) Branch Executive Committee 
considered that the vote .. . 
the majority of the membership and ac- 
cordingly member-price 
of $5 per copy on the Statistics volume, 
effective with the volume covering 1951. 
The non-member price will be $10. Ap- 
proximately $5,000 income will be se- 
cured through sales to users and the 
remaining $5,000 (necessary to finance 


represents 


established a 


JOURNAL OF PETROLEUM TECHNOLOGY 


publication) will be provided through 
the annual budget of the Branch. The 
Committee believes this is the action 
that will satisfy the largest number of 
members.” 


He pointed out that if a person wishes 
to order a copy or copies of the volume 
covering 1951, he should do so when 
paying his 1952 dues by simply adding 
the proper amount ($5.00 per copy) to 
his check and statement. The volume 
will be published late in 1952. 


The current volume covering 1950 
is now in the process of publication 
and will be distributed free to those 
Members, Associate Members and Jun- 
ior Members who request it. Student 
Associates are not entitled to a free 
copy of the volume. Chairman French 
urged those who wish a copy of the 
volume covering 1950 but who have not 
indicated this desire to do so immediate- 
ly by contacting the Petroleum Branch 
office at 408 Trinity Universal Bldg.. 
Dallas 1, Tex. *~ * * 
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Petroleum Industry Smog Research in California 


Efforts by the petroleum mdustry te 
alleviate the smog problem were out- 
Pacitu 


lecture of the 


lined before the Technology 


Group in the seventh 


current series on research, being held 


n the Petroleum Auditorium 
V. N. Jenkins. 
the Union Oil Co.. was 
Reed C 


attorney, discussed the 


General 
in Los Angeles research 
supervisor for 
speaker. At a later meeting. 
Lawlor, patent 


nature of patents. 


In reviewing the history of the air 


pollution problem in the Los Angeles 
Basin, Jenkins said that the petroleum 
industry was blamed for a considerable 
part of the smog problem. though there 
was ne definite proof that the petroleum 
ndustry was responsible 

Executives of 


companies represent- 


ng the petroleum industry in the Los 
something 


public that 


Angeles area real’zed that 
had to be dene to show the 
the petroleum industry was doing its 


part to reduce air pollution. Conse 


juently a committee was formed of rep- 
re-entatives from Mma por oil compante 
This committee is now known as the 
Committee on Smoke and 
the Western Oil and Gas 


1946. the committee set 


Fumes of 
(ssociation. 
In December 

the following 


four-point program 


To determing the composition of 


~ hog 


To determine to what extent the Los 


Angeles Ba-in refineries are respon 
sible for smog 
To develop the information neces 


sary for the refineries to plan the 
steps which would have te be taken 
to reduce their contributions to <mog. 
lo compile the data obtained and 
turn them over to these in charge of 


public relations for the industry. 
realized that the first 


would take a 
research that could not be handled by 


It was soon 


point large amount of 


the committee alone Consequently 


Stanford Research Institute was en 
gaged to carry out the research on the 
composition of smog, 

After the development of apparatus 
and methods for analysis, the institute 
analyzed a large number of air samples 
for particulate matter and gaseous pol- 
lutants. The number of particles in the 
Los Angeles atmosphere was found at 
times to be as high or higher than 10,- 


000 per cu cm Concentration (in ppm) 
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Pacific Technology Group 


of gaseous pollutants on a typical smog 


gy day were about as follows: sulfu 


dioxide. 0.1; 
ganic chlorides (cak 


nitrogen oxides, 0.2: o1 
as Cl,). 0.1; am 
(HCHO). 0.3 
volatile organics. 0.0; and oxidant (O.) 
0.35. 

The Los 


heavily 


monia, 0.1; aldehydes 


Angeles Basin has become 


industrialized in recent vears 

The Basin has the highest ratio of aute 
£ 

population ot any 


motive vehicles to 


area in the world. In addition about 
880.000 backyard incinerators are pres- 
ent. The result is that each day 
10,000 tons of fuel gas, fuel oil, gaso 
10.000 


Some 
line, diesel fuel, and coke and 
tons of waste paper. garden clippings 
leaves and wood waste are burned it 
the area. 

only i 
Angele 
annot be 


smoke and 
itmosphere., Nev 


Petroleum refiners represent 


part of the industry in the Los 


Basin. Obviously then they 


responsible for all of the 
fumes present in the 


ertheless, the refiners are doing their 


part by removing sulfur dioxide and 


hydrocarbon vapors from their waste 


Meanwhile the 


Smoke and Fumes 


Committee on 


gases. 
which is supported 
by the refiners, continues io pour money 
into research in an attempt to discover 
the true nature of the most objection 
able features of smog. and hence how 
to reduce them to a tolerable level 

lecture of the 


Lawlor, in the eighth 


-eTies, showed how our system of pat 


ents is derived from the constitution 


which provides for protection of in 


Article |. Section 8. The ulti 
mate goal of this protection is to en 


ventors in 


hance the progress of science and the 
useful arts. 

After making a few general remark- 
thout patents, Lawlor outlined the fol 
lowing requirements for the filing o 
patents: 

1. Application must be filed in’ the 
name of the inventor 

Inventor is often the one who has 
usually the me 


follows the in 


the idea and not 


chanic who merely 


structions of the one who has the 
idea. 

should be 
the inventor, if 
that fellow 


3. One man designated as 


possible. in) order 
workers may serve as 
witnesses 

Application must be filed within one 
year of publication anywhere or pub 
lie use or placing on sale in the 
United State 


kinds of 


mechanical. design, and plant. Mechan 


There are three patents 


ical. or utilitarian patents, have to do 
with mechanisms, equipment, chemical 
chemical 


and physical processes, ot 


composition. Design patents refer io 


art or ornamentation. Plant patents re 
fer to the discovery of new plants, pre 
duced, for example, by hybridizing. 
Four vard-ticks to determine whether 
ino improvement ts patentable are 
matter. An 
but the method of use, ap 


lL. Subject idea cannot | 


patented 
plication, or embodiment of an idea 
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‘Perfect mud contro! is automatic 
with the A-1 Gardner Water- 
Control Valve. The mud line from 
the pump and water line to the 
pit are connected parallel. When: 
mud pressure drops, | shut- . 
downs for coring or ™ On 
nections, spring tension ‘ 
matically closes the water valve. 
This saves your mud, water, and 
prevents water slugs forming. 
The tool is sold and shipped 
direct, domestic and foreign. 
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AN EXPERIMENTAL AND THEORETICAL INVESTIGATION 
OF GRAVITY DRAINAGE PERFORMANCE 


P. L. TERWILLIGER, JUNIOR MEMBER AIME; L. E. WILSEY; AND HOWARD N. HALL, P. M. BRIDGES AND R. A. 


MORSE, JUNIOR MEMBERS AIME; STANOLIND OIL AND GAS CO., TULSA, OKLA. 


ABSTRACT 


Theoretical and experimental investigations of a constant 
pressure gravity drainage system are reported. Experimenta! 
data are presented to show that recovery to gas breakthrough 
by gravity drainage is inversely proportional to rate. The grav 
ity drainage reference rate, which is numerically equal to the 
so-called “maximum theoretical rate of gravity drainage” is 
shown to have no particular significance from a recovery stand- 
point. Before this rate can be used as a basis of comparison 
for recoveries, it is necessary that the relative permeability 
and capillary pressure characteristics and displacing fluid 
viscosities be identical for the systems compared. 

A method is presented by which accurate prediction of the 
performance of a gravity drainage system can be made. Close 
agreement between experimental and calculated drainage per- 
formance shows that steady state relative permeability and 
static capillary pressure data can be used to describe fluid 
displacement behavior. The very wide range of liquid recov- 
eries before gas breakthrough which result from production 
rate variation alone demonstrates the importance of this factor 
in planning depletion of a gravity drainage reservoir. Calcu 
lated results are presented which show that little additional 
recovery can be expected from a high pressure gravity drain- 
age system between the times of gas breakthrough and attain- 
ment of such high gas/liquid ratios as to make further pres 
sure maintenance impractical. 


INTRODUCTION 


It has been recognized for some time that gravity forces 
play an important part in the recovery of oil from some types 
of reservoirs. Field experience has shown that under certain 
conditions, gravity drainage can result in very high oil recov- 


‘References given at end of paper. 


Manuscript received in the office of the Petroleum Branch Feb. 9, 1951 
Paper presented at the AIME Annual Meeting in St. Louis, Mo., Feb 
17-22, 1951. 
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eries. Qualitative reasoning has led most engineers to the gen- 
eral conclusions that: 


(1) Where gravity drainage is important, the reservoir pres- 
sure should be maintained by gas injection at the crest 
of the structure to prevent shrinkage of the oil in place 
and to keep a low viscosity so the oil can drain at the 
fastest possible rate. 


(2) Recovery by gravity drainage is rate sensitive. 

A survey of the literature indicates that while considerable 
work has been done on the effects of gravity in oil production 
problems, no satisfactory method of calculating the perform- 
ance of gravity drainage reservoirs has been reported.’**** 
In the absence of any proven method of calculating reservoir 
performance, the level at which pressure should be maintained 
and the rate of production for most efhcient operation has 
been open to debate. 

The limits and general character of the recovery vs rate 
relationships are apparent from the following: As rates of pro- 
duction approach zero, oil will drain by virtue of its own 
weight fast enough that the saturation distribution is always 
approximately the same as the original static capillary dis- 
tribution. That is, at the gas-oil contact the liquid saturation 
goes from 100 per cent to a value of perhaps 10 to 30 per cent 
in a very short distance, so that as production continues, a rela- 
tively sharp gas-oil contact moves down-structure, leaving a 
very low residual oil saturation in the originally oil saturated 
zone. At very high rates of production, the oil that drains by 
virtue of its own weight is negligible and recovery will approach 
that of a horizontal gas drive, leaving a much higher residual 
oil saturation. At intermediate rates of production, recovery 
should be between these extremes. 


Despite the lack of quantitative methods, tentative agree- 
ment had been reached on the question of optimum produc- 
ing rate. It has been generally concluded that rather sharp 
decrease in recovery would occur at rates of production above 
the “maximum rate of gravity drainage” and hence this rate 
should not be exceeded. The “maximum rate of gravity drain- 
is defined as the rate of production from a 100 per cent 


285 


age” 
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CHANGE IN SATURATION DISTRIBUTION WITH TIME 
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determine saturation distributions in the column. Electrical 
contact was made at five-cm intervals by tapping a small screw 
through the wall of the Lucite tubing as shown in the insert 
in Fig. 1. A calibration curve was determined on a short 
length of sand-packed tube by measuring the electrical con- 
ductivity and comparing it to the brine saturation as deter- 
mined by weight. By measuring the resistance of all the sec- 
tions in the core in rapid succession (two minutes to scale 
the section of the column in which rapid saturation changes 
were occurring), the saturation distribution of the column 
could be determined from the plot of relative electrical con- 
ductivity vs brine saturation. 


The sand-packed column was initially saturated with 0.25 
normal sodium chloride brine which had a viscosity of 0.826 
centipoises and a density of 1.006 gm/cu cm at 30°C. In 
order to determine the capillary pressure characteristics of 
the column, it was allowed to drain to capillary equilibrium 
through a siphon open to the atmosphere near the top of the 
system as shown in Fig. 1. When equilibrium was reached, 
that is, when no change in saturation could be noted, the con- 
ductivity profile was measured and production started through 
a metering pump connected to the bottom of the system. This 
pump was designed so that liquid could be removed from the 
column at a predetermined constant rate which varied less 
than one per cent. A constant nitrogen pressure of 50 psi 
was maintained at the top of the column to prevent evolution 
of dissolved gas from the liquid during flow. 
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RATE CORRESPONDING TO 
“MAXIMUM THEORETICAL RATE 


RATE, percent of gravy drainage reference rete 








BRINE FECOVERY, percent of amgine! brine in piece 


FIG. 5 — CHANGE IN RECOVERY WITH RATE. 
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DISCUSSION OF EXPERIMENTAL RESULTS 


Figs. 2-4 show the saturation distribution at different times 
while liquid was being withdrawn from the 13-ft column at 
various constant rates. It can be seen for the low rate that 
above a certain liquid saturation, all saturation points move 
downward through the column at the same rate. Only a short 
time interval is required for this stabilization to take place. 
All points of liquid saturation less than those in the stabilized 
part of the saturation distribution curve move at different 
rates. The minimum liquid saturation at which this stabiliza- 
tion occurs is difficult to determine from the experimental 
curves and it cannot be determined directly from Darcy's 
Equation using relative permeability because capillary pres- 
sure and the ratio of gas to liquid viscosities have an effect on 
the point at which stabilization will occur. 

It can be seen from these figures that the slope of the satu- 
ration curve is steep at high liquid saturations. It was first 
thought that this was due to by-passing which occurred be- 
tween the sand and the Lucite tubing. It was for this reason 
that the Lucite was squeezed against the sand as previously 
described. However, even after the possibility of by-passing 
between the sand and the tube wall had been eliminated, this 
steep saturation curve above 95 per cent liquid saturation 
persisted. 

As can be seen in Fig. 2, a portion of the saturation dis- 
tribution curve maintains the same shape from a point high in 
the column until the time of gas breakthrough. This constant- 
shape portion of the saturation distribution curve will be 
referred to, for the sake of brevity, as the “stabilized zone.” 
The remainder of the saturation distribution curve will be 
referred to as the “non-stabilized zone.” Although it was pos- 
sible to observe a stabilized zone at the lower rates of flow, 
at high rates it could not be determined whether a stabil- 
ized zone was formed because the column was not of sufficient 
length. 

As previously pointed out, the yardstick which has been 
used as a criterion of efficiency in gravity drainage reservoirs 
is the “maximum rate of gravity drainage,” or, as referred 
to here, the “gravity drainage reference rate.” This reference 
rate is defined by the following equation: 


K 
GRR = 


gAp sin « 


where 
K, effective permeability to liquid at 100 per cent 
liquid saturation 
cross-sectional area through which flow occurs 
viscosity of liquid 
gravitational constant 
density difference between liquid and gas 
= angle of dip of the system (+ up and — down) 
Fig. 5 shows the recovery obtained from the 13-ft sand- 
packed column as a function of production rate expressed as 
a percentage of the gravity drainage reference rate. It can 
be seen from these curves that no abrupt change in the slope 
occurs at the “maximum rate of gravity drainage.” This refer- 
ence rate contains only part of the factors which can affect 
recovery by gravity drainage, namely: permeability, area, 
viscosity of the oil, and pressure gradient due to the density 
difference between the gas and the oil. However, there are 
three important factors which are not included in this expres- 
sion. It will be seen later that these three factors, capillary 
pressures, relative permeabilities, and displacing fluid viscosi- 
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BRINE SATURATION, percent of pore spece 


FIG. 6— CAPILLARY PRESSURE CHARACTERISTICS OF 2.7 DARCY UN 
CONSOLIDATED SAND COLUMN. 


ties, may be as important in determining the recovery by 
gravity drainage as any other of the factors contained in the 
gravity drainage reference rate. The gravity reference rate 
is sufficient to compare performance between systems in which 
the relative permeability, capillary pressure characteristics. 
and displacing fluid viscosities are the same. It is probable 
in field calculations where these three aforementioned factors 
are substantially equal for the entire field that it would be 
useful in comparing performance for different sections of the 
same reservoir. It should be kept in mind that when compar- 
ing performance between different fields or between model 
flow experiments and a field, differences in capillary pressure. 
displacing fluid viscosities, and relative permeabilities cannot 
be neglected. 


Also shown in Fig. 5 is the calculated recovery to a forma 
tion gas/liquid ratio of 15:1. Experimental data following 
gas breakthrough were invalidated by capillary “end effect.” 
The ratio of 15:1 would be equivalent to a surface gas/liquid 
ratio in excess of 10,000 cu ft/bbl from a 2,000 psi reservoir 
if the liquid viscosity were 0.8 cp. This figure shows that at 
very low rates, little additional recovery can be obtzined by 
producing the column to a 15:1 bbl/bbl ratio. However, as 
the rate was increased, the amount of additional recovery 
after gas breakthrough became a more important fraction of 
the total recovery. 

Fig. 6 shows a static capillary pressure curve for the 13-ft 
sand-packed column. This curve was determined by allowing 
the column to drain as previously described. 


Fig. 7 shows the relative permeability characteristics for 
the sand column. These curves were determined for a two-ft 
section which was packed in the same manner and with the 
same sand as that used in the 13-ft column. The short length 
was necessary so that equilibrium flow conditions could be 
established in a short length of time. For use in analysis of 
the experimental data, it was necessary to determine relative 
permeability characteristics with the same saturation history 
as prevailed during drainage of the column.” Therefore, the 
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relative permeability data were measured starting with the 


sand section 100 per cent liquid saturated and decreasing the 


liquid saturation between subsequent measurements. 


THEORY 


Buckley and Leverett”” presented Equations (2) and (3) 


; _— to describe the behavior of two-phase fluid flow. 


K, A oP. as, 
Q. 4 


« 


— gApsin « 


oS, du 


K, Ms 


we 


(=), = <( =), ie tiig A 


= fraction of gas flowing at any point 

ros flow rate/gas flow rate + liquid flow rate 
= effective permeability (darcys) 

‘ross-sectional area of flow path (cm*) 


where. 


porosity (fraction) 
length in the direction of flow (cm) 
viscosity (cp) 
0, = ‘otal flow rate in the u direction (cu cm/sec) 
. = -apillary pressure (atms) 
}= aturation to a particular phase (fraction) 














RELATIVE PERMEABILITY, percent of specific permeability 




















FIG. 7 ~ RELATIVE PERMEABILITY CHARACTERISTICS OF 2.7 DARCY UN- 
CONSOLIDATED SAND COLUMN, 
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e 


ent of pore space 


FIG. 8 — COMPARISON OF CALCULATED AND EXPERIMENTAL SATURA 
TION DISTRIBUTION DURING THE TRANSIENT PERIOD FOR A RATE OF 
0.597 CU CM/MIN 15.7 PER CENT OF GRAVITY DRAINAGE REFER 
ENCE RATE (SOLID LINES REPRESENT CALCULATED DATA, PO:NTS THE 
EXPERIMENTAL RESULTS 


ravity gradient due to gas and liquid ce 


difference (atms cm) 


ingle of direction of uw with the horizontal (m 


ured upward and — downward} 
me (sec) 


and ubscripts) denote gas and liquid. respectivel 


Equation (2) can be derived by combining Darcy's Equa 
tion for the rate of flow of wetting and non-wetting phase with 
the definition of capillary The only 


volved in this equation is that Darey’s Law can be adapted to 


pressure. assumption in 
deseribe the flow in a two-phase system. Equation (3) can be 
a differential 
of volume and requires only the assumption that the pressure 


derived by making a material balance on unit 


gradient is negligibly small. While it is not necessary to their 


validity, practical application of these equations requires the 
assumption that static capillary pressure and steady state rela 
tive permeability data be applicable to the solution of dis 


This 


made in the derivations, will be shown later to be valid. 


placement problems. issumption, as well as the others 


If we know (¢f,/@S,) as a function of time for all point 
of saturation, we can, by the use of Equation (3), find directly 
distribution at any 


the saturation given time, provided that 


the saturation distribution is known at some other time. There 
fore, the problem in solving for saturation distribution with 
time is that of finding this partial as a function of time. This 
found by 


partial (@f,/éS,) can be numerical 


since A 


one metho j 


graphical or 
Cu) is known 


. Briefly. 


differentiation of Equation (2) if (eS 
K, and (@P 


of doing this is: 


S.) are each fupctions of S 


A. At the time when the saturation distribution is know 


it is possible by substituting (0S_/ eu) in Equation (2) to selve 
for f, at all points of saturation. This enables us to determin 


the stopes (¢/,/2S,) for-all points of saturation at this time 
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B. We can then calculate the movement of all points ol 


saturation by rearranging equation (3) to 


Sih 


ration distribution at the time @ 


[he approximation of substituting finite Au and Aé@ for 


ind @ is valid only if 
small when (@f 


infinitesimal changes in u \@ for each 


step is kept very S.) is changing rapidly. 
# for each step is kept small, and steps A and B 


great 


However, if 


repeated a many times, it is possible to calculate the 


saturation distribution at any time. 


In order to establish the validity of Equations (2) and (3), 
and the assumption that static capillary pressure and steady 
state relative permeability data are applicable to the solution 


the above indicated calculations 
ot v 


sand column, choosing @ 


at displ acement problems, 


were 


performed for a flow rate 0.597 cu em/min in 


iconsolidated 0 when capil- 
The great 
cumulative effect of 


vrium had been established. number of 


sensitivitv. and 


extreme 


le solution by ordinary methods wholly im 


to the repetitive nature of the calculation, it 
was handled very satisfactorily by use of punched ecard caleu 


laters. Presented in Fig. 8 is a graphical representation of 


the check obtained between the above method of calculation 


close agreement 


between experimental and calculated saturation distribution 


shows that. over the range of conditions investigated, Equa 


“ut ME* 2 HOURS 


42 
me 
Aime » 3 HOURS 
4 


+ — 
. ¥ 
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BRINE SATURATION, percent of pore epece 


ARIATION OF SATURATION DISTRIBUTION WITH TIME IN AN 
EALIZED SYSTEM 
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/ TIME « Oo HOURS 


POINTS 1,2 AND 3 IN NON-ST Ag 
SATURATION REGION 


Now 


ncreas 


since 
POINTS 4,5,6,AND 7 IN STAB 
SATURATION REGION 


GAS SATURATION, percent of pore spoce 


VARIATION OF f. WITH TIME IN AN IDEALIZED SYST 


tions (2) and (3) are valid, and also that transient fl 
lems can be solved by the use of static capillary press 


steady state relative permeability data. 

While it is possible by the type calculations indicat 
to describe flo 
these 


w behavior in a system at any time. the « 


calculations prevents this approach to the sol 
routine reservoir engineering problems; therefore, a s 


method of solution was developed. 


As previously mentioned, it has been observed in tl 
laboratory core that at some rates of flow a stabilized 
hat is. all 


down the column at the same rate and therefore t' 


formed: t points of saturation in this region 


this portion of the | 


saturation distribution curve be 
stant with time. All points of gas saturation greater t! 
in the stabilized zone move at different rates. Fig. 9 
ically describes drainage from a column. In Fig. 
always moves slower than point 2, and point 2 

point 3, and so on until the stabilized i 
$ and 
the 


Equation (3), 


rone is 
points 5 and all other points of lower gas 
This that (of,/eS,) 


which is directly proportional to rate ot 


move at same rate. means 


ment of a point of saturation, is smaller for point 1 t! 


for point 2, than it is for point 3, ete.. until points 
and points of lower gas saturation are reached, at wl 


it becomes constant. Because (0f,/AS,) is the slope 


f.usS 
tions) conclude what the shape of the curve must be, It 


point of high gas saturation, illu 


curve, we can (from the above experimental o 


that if we start at a 


by point 1 on Fig. 10 and proceed toward a region of 


gas saturation, the curve must be ever-steenening 


increasing| until the stabilized zone. represented by po 
and 5. is reached, at which time it becomes a straight 
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unit, always 
remaining part stretches until 


zone moves as a 
eans that, as a limiting case, the 


~i zone can be found by setting 


indicates the kind of curve given 


the s S, curve must be ever 
mstant as we go from a point of high 
saturation, the 
a limit, very closely approach the curve 


at the 


points of lower 


possible gas saturation 


highest 


iration) and following along the 


ent to this curve will pass through 


at f 0. In a strict sense, the 
we-deseribed curve only at the 


tical purposes this curve is 
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FIG. 12 — COMPARISON OF CALCULATED AND EXPERIMENTAL SATURA- 
TION DISTRIBUTION AFTER A STABILIZED ZONE HAS FORMED AT A 
RATE OF 0.101 CU CM/MIN = 2.6 PER CENT GRAVITY DRAINAGE REF- 
ERENCE RATE. 


approached rapidly. Once the /, vs S, curve is known, after a 
stabilized zone is formed its length and shape can be calcu- 
lated by substituting the values of f, for all saturations in the 
stabilized zone in Equation (2) and solving for the @S,/éu 
at these saturations. The length and shape of this stabilized 
zone as shown on Fig. 11 is given by 


where 
L, = distance, in the u direction (cm) from S, = 0 to S 
5S, = saturation to gas (fraction) 

Presented graphically in Figs. 12, 13, and 14, are compari- 
sons of calculated vs observed stabilized saturation distribu- 
tions. Since the calculated distributions were obtained by 
assuming /, vs S, relationship corresponding to @ = infinity. 
the close agreement existing between calculated and experi- 
mental results demonstrates the validity of this assumption. 
The observed stabilized saturation distributions were found 
by averaging the experimental data for several different times. 
It was noted that the variation between the calculated and 
observed saturation distributions at different times was less 
than the random variation in observed distributions at dif- 
ferent times, 
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Recovery to breakthrough can be calculated once one knows 
the saturation distribution throughout the system. This can be 
found by calculating the saturation distribution in two inter- 
vals; namely, the stabilized interval where the distance 
between points of saturation remains the and the 
interval where the distance any two 
points of saturation constantly increases. 

The saturation distribution in the stabilized zone can be 
calculated by substituting into the fractional flow equation, 
values of /, vs S, read from a straight line portion of a f, vs 
S, curve and solving for the saturation distribution as previ- 
ously indicated. The saturation distribution in this interval at 
the time of gas breakthrough at the bottom of the drainage 
column is indicated in Fig. 15. 


same, 


unstabilized between 


In the unstabilized interval, where @P./du rapidly ap- 
proaches 0, Equation (4) establishes f, as a function of S,. 
We can, by plotting f, vs S,. determine by graphical differen- 


tiation (@f,/0S,). Equation (3) can be rewritten as 
(a 
as, 


which will relate the total movement of each point of satura- 
tion with (@f,/@S,). Q,A¢/A¢ is the same for all saturations; 
therefore, the movement of each point of saturation is directly 
proportional to (@f,/@S,). The saturation distribution in this 
interval can then be calculated if we can find Q,A0/A¢. The 
(Au) for the lowest point of S, which does not stabilize can 
be found by subtracting the length of the stabilized zone from 
the total length of the system as indicated in Fig. 15. Then 
Q,A0/Ag found because we know both Au and 
(af,/2@S,) for this saturation. The Au’s for each other point 
of saturation in this interval are calculated by multiplying 
this number (Q,A¢/A@) by the appropriate (0/,/0S,). Indi- 
cated also in Fig. 15 is the kind of saturation distribution that 
After the saturation distribution 
for both saturation intervals is known, the average saturation 


Q. ae 


- 1 


Nuys, 


can be 


is calculated by this means. 


can be obtained and hence the recovery to breakthrough. Pre- 
sented in Table I is a comparison of calculated and observed 
recovery from the 13-ft unconslidated sand column. The recov- 
eries calculated were for low rates of withdrawal only. At 
higher rates stabilized zones did not develop for the reason 
that the experimental column was of shorter length than the 
stabilized zone length would have been. However, there is no 
that the indicated method of calculation 


reason to believe 


Table I 


Experimental 
Recovery Per 
Cent of Brine 
in Place 
67.9 
65.8 
64.2 
56.4 
40.5 53.3 
80.8 39.1 
126 30.8 
226 22.4 
283 20.7 


Calculated 
Recovery Per 
Cent of Brine 

in Place 
68.0 
66.4 
65.5 
59.9 
53.4 


Rate Per Cent 


of GRR 


26.3 
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would not give the same good agreement for all rates in a 
system long enough to allow the formation of stabilized zones 
before gas breakthrough. 


DISCUSSION OF THEORY 


The agreement between calculated and observed recoveries 
in Table I shows that this method of calculation permits accu- 
rate calculation of performance of a linear homogeneous grav 
ity drainage system by use of fluid and rock characteristics 
which can be measured separately in the laboratory. 


With the method of calculating recovery from a gravity 
drainage system developed above, it is possible to study the 
effects of the variables controlling recovery by gravity drain 
age. As shown previously, recovery varies in a smooth fashion 
with rate and no sharp change occurs at the gravity reference 
rate. In the 13-ft column used for study, the lengths of the 
stabilized zones were an appreciable part of the total length 


of the system, thus variations in stabilized zone lengths 


markedly influenced the recovery vs rate relationship. In a 
system long enough such that the length*of the stabilized 
zones represented a negligible part of the total length of the 
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FIG. 13 — COMPARISON OF CALCULATED AND EXPERIMENTAL SATURA 
TION DISTRIBUTION AFTER A STABILIZED ZONE HAS FORMED AT A 
RATE OF 0.215 CU CM/MIN = 5.5 PER CENT OF GRAVITY DRAINAGE 
REFERENCE RATE. 
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system, recovery vs rate relationships should be expected to 
be considerably different. Fig. 16 shows a comparison of the 
recovery that would be obtained from a 1,000-ft column with 
fluid and rock characteristics identical to those of the 13-ft 
system. Here, neither, is there any extreme change in recovery 
at the gravity reference rate, but the rate of increase in re- 
covery as withdrawal rates are lowered is essentially constant 
over all rates of production and recovery for every rate is 
somewhat higher than for the 13-ft column. In the 1,000-ft 
system, changes in recovery are caused only by differences in 
the recovery from the non-stabilized zone, since the length of 
the stabilized zone is negligible in comparison to the length 
of the total system. 


Shown also in Fig. 16 are curves indicating the recovery 
that would be obtained from the 1,000-ft system by produc- 
tion at constant pressure after gas breakthrough to 15:1 for- 
mation gas/liquid ratio. In calculating these curves, two 
extremes of production rate were assumed. In one case the 
total flow rate, that is, the gas plus liquid, was held constant 
after breakthrough. It is doubtful whether a field could be 
operated in this manner due to the rapid decrease in liquid 
production as the gas/liquid ratio increases. To illustrate 
the other extreme in performance, calculations were made to 
what would result if a 1,000-ft column 


determine recovery 


$ 4 4 
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© CALCULATED POINTS 
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BRINE SATURATION. percent of pore spece 


FIG. 14 — COMPARISON OF CALCULATED AND EXPERIMENTAL SATURA- 
TION DISTRIBUTION AFTER A STABILIZED ZONE HAS FORMED AT A 
RATE OF 0.597 CU CM/MIN = 15.7 PER CENT OF GRAVITY DRAINAGE 
REFERENCE RATE. 
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at the gravity reference rate differ by approximately one-third 

of the recovery. It can be seen similarly that large differences 

n recovery at a given rate can be caused by differences it 

relative permeabilities between different systems. Hence, it is 

vious that before recoveries between fields can be compared, 

SATURATION INTERVAL t is necessary that the relative permeability characteristics, 
WHERE ALL POINTS OF : : 

SATURATION MOVE AT the viscosity ratio (viscosity of gas divided by viscosity of oil). 


SATURATION INTERVAL THE SAME RATE 
WHERE ALL POINTS OF as well as rate expressed as a fraction of the gravity reference 


ATURATION CONTINUE 


} m hle 
TO GET FARTHER APART be omparabie. 


When applying the method of calculation presented in this 
paper to field studies. appropriate adjustments must be made 
for the variations in physical properties between various parts 
of the reservoir that are always present in oil fields. Com- 
mont uccepted engineering practices can be followed in 
dividing the reservoir into more or less homogeneous blocks 
or else arriving at average characteristics for the field as a 
whole. The effects of stratification and gas coning, of course, 
will modify the idealized situations considered here. Whether 
production is taken from wells distributed throughout the 
completely liquid saturated zone rather than the lowest struc- 
tural portion will in no way affect the regional liquid dis- 


placement picture except tor local conning effects. If oil Is 





withdrawn only ftom the completely liquid saturated zone, the 
recovery when breaks through into the lowest wells will 


FIG. 15 — EXAMPLE OF SATURATION DISTRIBUTION CALCULATIONS 


GAS BREAKTHROUGH 


gas breakthrough at a constant lig 
scoveries to a formation gas-liquid 1 
for this case are also plotted on Fig. 16. Fri 
‘ it can be seen that, for most rates, the recover 
high produced gas /liquid ratio after breakthrough ji 
ible if liquid production is held constant. Most fields 
be produced at rates intermediate between these two extre 
constant total rate (liquid and gas) and constant | 
rate. 


Since tn practice a constant liquid rate Is maintaine 
long as possible. liquid recovery will be small betwe 
time of gas breakthrough and the time when further pre 
maintenance becomes uneconomic il due to prohib tively 


gas/liquid ratios. In some fields where crude and for 


characteristics are such that economical rates of productio 
can be maintained at a low reservoir pressure, it may be feas 


ible to evele gas after the pressure has declined. In such 





ase, a much higher formation gas/liquid ratio than 15:1 can 
be economically handled by a eveling plant and correspond 
ingly larger recovery obtaine ifter breakthrough. Of course 
if pressure cannot be maintained. the liquid saturation will 
} 


be reduced markedly by oil shrinkage alone. 


Fig. 17 shows the effect of displacing fluid viscosity on 
recovery variations with rate from a 13-ft unconsolidated sand 
column. This figure shows calculated recoveries vs rate fot 
brine being displaced by t lisplacing fluids of different ARIATION OF RECOVERY WITH RATE FOR A 13-7T AND 
viscosities. Here again no marked change in recovery is — 1,000-FT SYSTEM AT GAS BREAKTHROUGH AND AT A 15:1 LIQUID/GAS 
observed at the gravity 1 t rate. Moreover. recoveries 
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AN EXPERIMENTAL AND THEORETICAL INVESTIGATION OF GRAVITY DRAINAGE 


PERFORMANCE 


with other fields. Our paper then proceeded to show how the 
effective permeability to oil and gravity drainage rate had 
declined at Lance Creek. 


It is unfortunate that we failed properly to convey our con- 
cept of the mechanism of gravity drainage and the mathe- 
matical evaluation thereof to these authors and other readers. 
Field experience and their laboratory experiments both have 
shown that oil recovery efficiency expressed in terms of gas/oil 
ratio performance is very sensitive to production rate. It will 
be through extensions of the type of calculations presented 
in this paper plus analogy with performance of other oil 
reservoirs that our understanding of gravity drainage will be 
increased and the accuracy of our predictions involving par- 
ticular reservoir problems improved. 


AUTHORS’ REPLY TO MR. ELKINS 


In regard to extrapolations of the /, function to the equilib- 
rium gas saturation at which /, is zero, we believe the equilib- 
rium gas saturation is very nearly zero. As can be seen from 
Figs. 2. 3 and 4, the equilibrium gas saturation reaches very 
low values (one-half of one per cent). In all of the experi- 
ments considerable distance is required for the gas saturation 
to reach a value which is usually referred to as the equilibrium 
‘saturation, that is. 5 to 15 per cent. 


The existence of a low equilibrium gas saturation is also 
$ubstantiated by the fact that carefully measured capillary 
pressure curves always show a finite slope at very low satura- 
tions to gas. 


DISCUSSION 


By E. R. Brownscombe, The Atlantic Refining Co., Dallas, 
Tex., Member AIME 


The authors have made a very significant contribution in 
extending our interpretation of displacement problems. The 
Leverett and Buckley analysis has been the foundation of 
the calculation of reservoir performance from relative per- 
meability data. As generally practiced, the saturation distri- 
bution behind the front is calculated and the position of the 
front determined from material balance dictates, the satu- 
ration being arbitrarily cut to zero at this point. The present 
paper gives a method for calculating the shape of the front 
in terms of capillary pressure and gravitation effects. It shows 
how the shape of the front is affected by factors such as rate 
of displacement and viscosity ratio of the fluids. In an actual 
reservoir, since the length of the zone which might be referred 
to as a front is generally very small compared to overall dis- 
tances in the reservoir, this analysis probably will not have 
any appreciable effect on the calculation of the general sweep 
of a displacing fluid through a reservoir. It may be useful in 
estimating the effect of small scale variations in the reservoir. 
It will be very important in interpreting the results of lab- 
oratory experiments on small cores. For example, we have 
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reproducible laboratory data indicating that high rates lead 
to increased recoveries, others that indicate that low rates 
lead to increased recovery, and still others that indicate that 
rate has no effect on recovery. These same startling facts can 
be found in published data in the literature based on flood 
tests of small specimens. It is believed that an interpretation 
along the lines suggested by the authors will reconcile these 
differences. Probably most about the effect of 
rate on recovery obtained to date on small cores are practically 


conclusions 


meaningless. 


It is noted that the authors mention a small pressure gradi- 
ent as being the only requirement for a valid Leverett and 
Buckley analysis. Actually, it may be perfectly proper to use 
the analysis even when the pressure gradient is very high, if 
the fluids used are essentially incompressible. The require- 
ments implicit in the Leverett and Buckley analysis might 
perhaps be better given as: (1) very small density changes 
in either phase, (2) small viscosity changes, and (3) no 
material transfer between phases. 


The numerical computation referred to by the authors is 
of particular interest. This method of calculation offers a 
powerful tool for the solution of partial differential equations. 
Engineers concerned with the developments of methods for 
reservoir analysis are constantly running into problems too 
difficult to handle with the conventional mathematical ap- 
proach. The numerical computing approach offers considerable 
promise for solving these problems. To date practically noth- 
ing has been published which is directly applicable to prob- 
lems of this sort. I would like to suggest that the authors 
publish the details of the numerical computation. It would be 
very helpful to know, for example, what the effect of varia- 
tion of the size of the time intervals was and whether there 
appeared to be any critical ratio of the size of the time inter- 
val to the size of the distance interval. 


AUTHORS’ REPLY TO MR. BROWNSCOMBE 


There have been no experiments conducted in which there 
was an original gas saturation throughout the column. The 
main reason such experiments have not been attempted is that 
it is difficult rapidly to obtain equilibrium between oil and 
gas im a porous system. When pressure is lowered on a sand 
column containing liquid with dissolved gas, the two phases 
will not come to equilibrium immediately and the performance 
of the system is partially controlled by the rate at which gas 
came out of solution. 


It is possible that the presence of connate water will have 
some effect on the capillary pressure curve. However, when 
these calculations are made for an oil reservoir, they should 
be based on a capillary pressure curve determined by dis- 
placing oil from a core by gas. In order to be sure that the 
correct capillary pressure curve will be obtained, the core 
should contain connate water. 


At the time this paper was first presented, no experiments 
had been conducted in which water was used to displace a 
non-wetting fluid. Since that time, however, several experi- 
ments have been conducted in which oil was displaced by 
updip water flood, and performance of this displacement 
process computed by use of imbibition relative permeability 
and capillary pressure curves. The data obtained indicate that 
this method of computation is satisfactory for predicting the 

* 


performance of water drives. x * 
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PHASE EQUILIBRIA IN HYDROCARBON-WATER SYSTEMS 
IV- Vapor-Liquid Equilibrium Constants in the Methane-Water 
and Ethane-Water Systems 


O. L. CULBERSON, GULF RESEARCH AND DEVELOPMENT CO., HARMARVILLE, PA., AND J. J. McKETTA, JR., 
MEMBER AIME, DEPARTMENT OF CHEMICAL ENGINEERING, THE UNIVERSITY OF TEXAS, AUSTIN, TEX. 


INTRODUCTION 


The equilibrium constants for methane and for water, and 
for ethane and water have been calculated from experimental 
data for the two binary systems.”*"'* These constants are for 
the two-phase systems for the temperature range of 100° to 
340°F and the pressure range of 200 to 10,000 psia. 

The constants for ethane are greater than those for methane. 
Equilibrium constants for a natural gas from a natural gas- 
water system’ are about the same as those for methane. Equi 
librium constants for water in all three systems are very nearly 
the same over the greater part of the range of temperatures 
and pressures studied. 

In ideal solutions, the vapor-liquid equilibrium constants for 
a component should be the same in all such solutions at a 
given temperature and pressure.’ Few solutions are ideal, and 
consequently the use of generalized constants often leads to 
error in situations where they do not actually apply. In 
decidedly non-ideal systems, it is desirable to have 
rium constant data for the specific system. 


equilib- 


Vaporization equilibrium constants may be calculated either 
by thermodynamic methods or from experimental vapor-liquid 
equilibrium data. In the thermodynamic calculation, the equi- 
librium constant K may be shown to be” 

kK = = fos fo . ° ° Ps ° ° (1) 
where /,, is the fugacity of the pure component i at the given 
temperature and at the vapor pressure of the pure component, 
and f, is the fugacity of pure i in the gaseous state at the 
temperature and total pressure of the system. At best the 
thermodynamic calculation results in a K applicable to ideal 
solutions. Equilibrium constants calculated from Equation (1) 
have been found to have only limited agreement with experi- 
mental values, even though the solutions for which they were 
calculated approached ideality.“” If the more volatile 
ponent is at a temperature above its critical, the accuracy of 
the equilibrium constant for the component is made 
doubtful by the use of the vapor pressure term under such 
conditions. In order to make the thermodynamic 
on a component above its critical temperature, one must resort 
to one of the empirical methods of extrapolation of the vapor 
pressure to conditions above its critical point.” Application 
of the thermodynamic equilibrium constant then to the 
methane-water or the ethane-water systems would be risky 
since the systems are non-ideal, and the methane and ethane 
are above their critical in most petroleum operations. 


com- 
more 


calculation 


ETHANE-WATER SYSTEM 


In the temperature range of from 100° to 340°F 
pressures up to 10,000 psia, the vapor-liquid equilibrium data 


and for 


*References given at end of pa 
Manuscript received in the office “a the Petroleum Branch March 16, 
1951. 
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Table 


) 
Pressure 


psia 


200 
100 
600 
800 
1,000 
1,250 
1.500 
2,000 
2,500 
3.000 
3,500 
4,000 
4.500 
5.000 
6,000 
7,000 
8,000 
9,000 
10,000 


Table 


Pressure 


psia 


200 
400 
600 
800 
1,000 
1,250 
1.500 
2,000 
2,500 
3.000 
3.500 
4,000 
4.500 
5.000 
6,000 
7,000 
8,000 
9,000 
10,000 


Vaporization Equilibrium Constants for 


Ethane in the Ethane-Water System 


100°F 


3.034 
1,868 
1,496 
1,333 
1,260 
1,215 
1,177 
1,125 
1,092 
1,071 
1.042 
1,018 
990 
968 
925 
899 
888 
885 
882 


160°F 


5,639 
2,837 
2.074 
1,746 
1,583 
457 
366 
265 
1,200 
1,142 
1,093 
1,049 
1,012 
984 
941 
909 
874 
841 
813 


220°F 


6,335 
3,194 
2,159 
1,747 
1,515 
1,326 
1,198 
1,035 
971 
924 
885 
854 
833 
813 
772 
736 
704 
679 
663 


280°F 


4,962 
2,557 
1,729 
1,339 
1,146 
993 
898 
789 
726 
679 
645 
620 
599 
579 
550 
528 
511 
494 
479 


340°F 
3,678 
1,882 
1,280 
1,001 
838 
723 
652 
554 
489 
445 
416 
396 
384 
374 
354 
337 
322 


308 — 
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Vaporization Equilibrium Constants for 


Water in the 


100°F 


5.009 
2.642 
1.860 
1.475 
1.245 
1.066 
0.950 
0.813 
0.735 
0.689 
0.659 
0.641 
0.627 
0.621 
0.618 
0.620 
0.624 
0.627 
0.630 
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Kx 10° 


160°F 


24.49 
12.69 


8.783 
6.837 
5.679 
4.755 
4.150 
3.412 


220°F 


87.83 
45.08 
30.80 
23.73 
19.52 
16.17 
13.97 
11.22 
9.620 
8.562 
7.836 
7.308 
6.913 
6.611 
6.181 
5.898 
5.658 
5.439 
5.215 


Ethane-Water System 


280°F 


250.7 
127.9 


86.98 
66.66 
54.51 
44.91 
38.45 
30.55 
25.81 
22.75 
20.56 
19.08 
17.94 
17.04 
15.73 
14.78 
13.99 
13.35 
12.77 


340°F 


595.5 
303.7 
206.6 
153.2 
123.2 
106.3 
90.60 
71.81 
60.54 
53.33 
48.16 
44.36 
41.48 
39.16 
35.70 
33.28 
31.26 
29.53 
28.04 
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= ; i ned by Reamer, Olds. Sage, : acey” for 
Pable lii ixperimenial Determinations of Vapor eruat: ; nee, and Lacey’ for 


Phase Composition in the Ethane-Water System a! reese Parents ee Hora, and McKetta’ and 
100°F , bersor MeKetta’ for the liquid phase. Throughout this 


and temperatures, only two phases were 

Mole Fraction H,O x 10 sent at ¢ . The critical temperature of ethane is 

Pressure Literature Experimental °F: tl re, an ethane-rich liquid phase was not present. 
psia Experimental Smoothed © Deviatior Likewise, th nditions of temperature and pressure in the 


hydrate 1 are not considered here. 


608 2.090 1.830 + | 


629 1.836 1.790 + i ; ? : 
1.733 = ssible to calculate the equilibrium constants since by defini- 


vapor-liquid equilibrium data available, it was 


655 1.638 
718 1.726 1.605 
728 1.195 570 


1.745 0.919 0.910 1.00 


K=¥/2 6 "ena? PARAS eae. Se 
n Equation (2). y, is the mole fraction of component i in 


the vapor phase, and = the mole fraction of the same com- 


ar D he | 
Average Deviation 9.1) eRe ON Gat 
Vaporization constan ilculated by Equation (2) have 
een tabulated for ethane in Table I and plotted in Figs. 1 


: nd 2. In Table Il are tabulated the vaporizati squilibri 
fable LV Vaporization Equilibrium Constants | : oe Seer etra e vaporization equilibrium 


. . onstants for water in th ‘thane-water system. These con- 
Methane in Methane-Water System ena racine Bae e-water system. These con 


: tants for water are plotted in Fig. 3. In Fig. 3, it may be 
Pressure noted that at 100°F the equilibrium constant passes through 
psia 100°F 160° F 220°F 280°F a minimum and would probably continue to increase as the 
20g 3.644 1804 1.847 4.537 wit) pressure increased to the convergence pressure. 
4100 1.889 2,425 2,491 2,244 
600 1,313 1,654 1,693 1,501 a0) METHANE-WATER SYSTEM 
800 1,013 273 1,297 1,149 87 
1.000 833 1.052 1.054 929 7( In the temperature range of 100° to 340°F and for pres- 
1,250 701 878 856 750 6 sures up to 10,000 psia. the vapor phase data were determined 
1.500 761 736 631 78 by Olds, Sage, and Lacey" and the liquid phase data by Cul- 
620 595 189 377. ~berson and McKetta.” As was the case in the ethane-water 
536 505 113 318 ystem, only the hydrocarbon-rich vapor phase and the water- 
176 144 365 Rl rich liquid phase were present. The hydrate region is not 
132 100 328 252 covered, and the methane was above its critical temperature. 
£.000 3: 397 368 299 3 Equilibrium constant re calculated by Equation (2) 
5.000 2 346 32 258 198 and these values are tabulated in Table IV for methane and 
6.000 7 310 288 231 176 in Table \ for water. Figs. 4 and 5 are plots of the equilibrium 
7.000 2 284 2605 210 15° constants f{ methane. Equilibrium constants for water are 
8.000 264 247 
9,000 249 232 
10.000 , 237 219 





Pabie Vapornza.ion Mquil-brium Constanis 
Water in Methane-Water System 


Kx 10 


K=Y/X 


160°F 220°F 280°! 


24.85 88.79 251.47 

13.02 15.95 129.33 

9.010 31.64 88.70 

7.082 24.49 68.33 

7.894 20.20 56.25 

16.78 16.43 

0.956 . 14.47 39.82 
0.796 3.! 11.60 31.58 
0.700 3.0: 9.891 26.65 
0.637 2. 8.739 23.38 
7.926 21.04 
1.000 a : 7.393 19.29 
5.000 0.512 2.08% 6.444 16.99 
6.000 0.481 933 5.820 15.32 
7.000 0.457 82: 5.491 14.17 
8.000 0.439 , 5.21] 13.29 
9.000 0.424 ; 5.003 12.61 


10.000 0.414 6 1.334 12.07 26.6 3. 7 — EQUILIBRIUM CONSTANTS FOR WATER IN METHANE-WATER 
- SYSTEM (K-T 
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ABSTRACT 
licate that the water vapor con 

int measurement, is 

| with diethylene 
measurements of 

ive been obtained 

the magnitude of 


oncentration of tri 

at atmospheric tem 
0 to 2.500 psia, and 
ments is not impaired 
por, 


ION 


by pipe line to northern 
lrated to a low residual 
maximum 

ider peak load conditions 
often condenses in pipe 
strict the flow’ and, under 
nditions, gas hydrates 
smission and 


transmission 


may 


distribution 


sipe line specifications by a 
widely used methods are (1) 

1 solid dessicant such as acti 
ca gel,’ (2) by absorption of 
lene or triethylene glycol-water 
entration,”” and (3) by 
on of very high pressure gas in 


simul 


rposely formed and then quickly 
ree fundamental methods, the ad 
recesses provide the bulk of the 
market at the present time. Phe 
ocess, a relatively new development 
use of its simplicity but is sharply 
n by available differentials between 
stem pressures. 
irchase contracts contain a maximum 
pecification, the water vapor content is 
measuring the dew point of the gas at 
wing the dew point temperature and the 
water vapor content of the gas is deter 
cal correlation of saturation, or dew point 
water vapor content of the gas which is 
ed as pounds of water vapor per million 
veasured at 14.7 psia and 60°F. Dew points 
t end of paper. 
ed in the office of the Petroleum Branch January 
d at the Annual Meeting of the AIME in St. Loui 
1951. 
condensation of a thesis submitted by Irwin Politziner 


ent of the requirements for the MChE degree cor 
ersity of Oklahoma in June, 1951. 


251 PETROLEUM TRANSACTIONS, AIME 





Bureau of Mines Dew 
which is well suited for use 
at temperatures lower than 120°F and at pressures ranging 
3.000 psi. A number of correlations of 
water content are avail- 
the most recent of which is that by McCarthy et al. 


the U. S 
Point Tester, shown in Fig. 1, 


are usually measured with 


from atmospheric to 
dew 


able, 


Where natural gas is dehydrated by absorbing contact with 


point temperatures vs vapor 


glycol-water solutions, considerable 
difficulty is experienced in observing water dew points due 
to condensation of liquid hydrocarbon and glycol films on 
the mirrored surface of the dew point tester. Riesenfeld and 
report that the dew point method for determining 
the water vapor content of a diethylene glycol-treated natural 
gas is in error due to the glycol content of the condensate 
formed on the tester mirror, and that the water vapor content 
of the gas tested is actually lower than that indicated by the 
standard dew point-water vapor content correlation. 


concentrated diethylene 


Frazier 


Extensive experience in testing gases dehydrated by con- 
solutions has not 
nature cited above for diethylene glycol. 


centrated triethylene glycol-water revealed 
difficulties of the 


Water dew points are clear and sharp and condensation of 
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DEW POINT TESTER, U. S. BUREAU OF MINES TYPE. 
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IV—Vapor-Liquid Equilibrium Constants in the Methane-Water and Ethane-Water Systems 


DETERMINATIONS OF VAPOR-PHASE 
COMPOSITIONS 


The apparatus which was used to obtain the liquid phase 
data had never been used to determine the composition of 
a vapor phase. For that reason it was decided to make vapor 
phase determinations in the ethane-water and methane-water 
systems to study the applicability of the apparatus to such 
work. Only qualitative results were sought, and an elaborate 
analytical train was not set up. The train used consisted of 
drying tubes containing magnesium perchlorate, a saturator 
where the dehydrated hydrocarbon was resaturated with water, 
and a receiving flask where the resaturated hydrocarbon was 
collected over water which had in turn been previously satu- 
rated with the hydrocarbon. The amount of water in the 
sample was taken to be the gain in weight of the drying tubes. 
The amount of hydrocarbon was calculated from PVT condi- 
tions in the receiving flask where the hydrocarbon pressure 
was taken to be the total pressure less the vapor pressure of 
water at the temperature within the flask. 

The results of such determinations are given in Table III 
for the ethane-water system and in Table VI for the methane- 
water system. In the ethane-water system, the average devia- 
tion of the experimental values from the smoothed curve is 
probably slightly greater than the average deviation of the 
data of Reamer, Olds, Sage, and Lacey.” The average devia- 
tion for the methane-water system shown in Table VI com- 
pares with that of Olds. Sage. and Lacey.” 


DISCUSSION 

The equilibrium constants for methane and for ethane are 
compared with those for a natural gas in a natural gas- 
water system" in Fig. 8. It is shown that the constant for the 
ethane is greater than those of the methane and natural gas. 
The natural gas was 88.5] per cent methane; therefore, it is 
not surprising that its equilibrium constants were approxi- 
mately the same as those of pure methane. The water solvent 
evidences two major effects which are not indicated in the 
equilibrium constants normally accepted in  hydrocarbon- 
solvent systems.’ The equilibrium constants for the hydrocar- 
bons in the hydrocarbon-water systems are much greater than 
for the hydrocarbons in water-free hydrocarbon systems. Also, 
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K=Y/X 


EQUILIBRIUM CONSTANT 











a0 300 380 


100220200 
TEMPERATURE, °F 
FIG. 8 — COMPARISON OF EQUILIBRIUM CONSTANTS FOR LIGHT HY. 
DROCARBONS IN WATER. 
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Table VI — Experimental Determinations of Vapor 
Phase Composition in the Methane-Water System at 
100°F 


Mole Fraction H.O x 10° 
Literature Experimental 
Smoothed” ©% Deviation 


1.580 
0.900 
0.730 
0.580 


0.515 2.52 


Pressure 


psia Experimental 


758 
1,600 
2,375 
3.615 
5,185 


1.770 
0.762 
0.745 
0.483 
0.502 


Average Deviation 9.72° 


« 


in the water-solvent systems, the equilibrium constants for 
the hydrocarbons pass through a maximum not common to 
the hydrocarbon-solvent systems. 

No graphical comparison was made of the equilibrium con- 
stants for systems. In the methane-water and 
ethane-water systems, the constants for water are almost iden- 


water in the 


tical under all the conditions studied except for conditions of 
high pressure and low temperature. The greatest difference 
occurred at 100°F and 10.000 psi where the constants dif- 
fered by about 50 per cent (based upon the methane). 

In systems such as these where the composition of the 
liquid phase is of the order of 99+ mole per cent water, the 
equilibrium constants for the hydrocarbon will be controlled 
by the liquid phase. When the very small mole per cent of 
hydrocarbon is used in the denominator of Equation (2), it 
affects the value of K for the hydrocarbon tremendously. In 
the same manner, the composition of the vapor phase con- 
trols the value of the equilibrium constant for water since 
the denominator of Equation (2) is always approximately 
unity. 
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MEASURING THE WATER VAPOR CONTENT OF GASES 
DEHYDRATED BY TRIETHYLENE GLYCOL 
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MEMBER AIME, SCHOOL OF CHEMICAL ENGINEERING, UNIVERSITY OF OKLAHOMA, NORMAN, OKLA 


ABSTRACT 


Recently published data indicate that the water vapor con 
tent of a gas, as determined by dew point measurement, is 
inaccurate when the gas has been dehydrated with diethylene 
glycol. Water vapor contents and dew point measurements of 
gases dehydrated with triethylene glycol have been obtained 
in this investigation in order to determine the magnitude of 
a similar error, if one exists. 

Experimental data show a very low concentration of tri 
ethylene glycol vapor in gases dehydrated at atmospheric tem 
peratures and pressures ranging from 500 to 2,500 psia, and 
that the accuracy of dew point measurements is not impaired 
by the presence of triethylene glycol vapor. 


INTRODUCTION 


Nearly all natural gas transported by pipe line to northern 
and eastern markets must be dehydrated to a low residual 
moisture content in order to assure maximum transmission 
efficiency and continuous delivery under peak load conditions 
Without dehydration, water vapor often condenses in 
and, 
low atmospheric temperature conditions, gas hydrates may 
plug gathering. and 


pipe 
lines in quantities sufficient to restrict the flow under 


form and transmission distribution 
facilities. 

Gas may be dehydrated to pipe line specifications by a 
number of methods. The most widely used methods are (1) 
adsorption of water vapor on a solid dessicant such as acti 
vated bauxite. alumina or silica gel,’ (2) by absorption of 
water vapor by either diethylene or triethylene glycol-water 
and (3) by 
taneous expansion-refrigeration of very high pressure gas in 
which gas hydrates are purposely formed and then quickly 
Of these three fundamertal methods, the ad 
sorption and absorption processes provide the bulk of the 


11,13 


solutions of high glycol concentration, simul 


decomposed.” ss 


dehydrated gas moving to market at the present time. The 
expansion-refrigeration process, a relatively new development 
is gaining in favor because of its simplicity but is sharply 
limited in its application by available differentials between 
source and gathering system pressures. 

Where gas sale or purchase contracts contain a maximum 
water vapor content specification, the water vapor content is 
usually determined by measuring the dew point of the gas at 
system pressure. Knowing the dew point temperature and the 
system pressure, the water vapor content of the gas is deter 
mined from a graphical correlation of saturation, or dew point 
temperature vs the water vapor content of the gas which is 
customarily expressed as pounds of water vapor per million 
cubic feet of gas measured at 14.7 psia and 60°F. Dew points 

‘References given at end of paper. 

Manuscript received in the office of the Petroleum Branch January 
1951. Paper presented at the Annual Meeting of the AIME in St. Loui 
Mo., February 17-22, 1951. 

*This paper is a condensation of a thesis submitted by Irwin Politziner 


in partial fulfillment of the requirements for the MChE degree cor 
ferred by the University of Oklahoma in June, 1951. 
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5. Bureau of Mines Dew 
which is well suited for use 
at temperatures lower than 120°F and at pressures ranging 
from atmospheric to 3,000 psi. A number of correlations of 
dew water content are avail- 
able, the most recent of which is that by McCarthy et al. 

Where natural gas is dehydrated by absorbing contact with 
concentrated glycol-water solutions, considerable 
difficulty is experienced in observing water dew points due 
to condensation of liquid hydrocarbon and glycol films on 
the mirrored surface of the dew point tester. Riesenfeld and 


are usually measured with the U. 


Point Tester, shown in Fig. 1, 


point temperatures vs vapor 


diethylene 


Frazier” report that the dew point method for determining 
the water vapor content of a diethylene glycol-treated natural 
gas is in error due to the glycol content of the condensate 
formed on the tester mirror, and that the water vapor content 
of the gas tested is actually lower than that indicated by the 
standard dew point-water vapor content correlation. 
Extensive experience in testing gases dehydrated by con- 
centrated triethylene glycol-water solutions has not revealed 
difficulties of the nature cited above for diethylene glycol. 
Water dew points are clear and sharp and cendensation of 


FIG. 1 — DEW POINT TESTER, U. S. BUREAU OF MINES TYPE. 
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glycol has not been observed except in those instances when 
the absorber has been substantially overloaded. Triethylene 
glycol has a vapor pressure substantially lower than that of 
diethylene glycol” and it is known that the vaporization losses 
of triethylene glycol® are considerably smaller than losses sus- 
tained when using diethylene glycol.” Preliminary 
tions conducted by Porter et ail.” failed to reveal any unusual 


investiga- 


discrepancy between water vapor contents determined by the 


dew point method and those determined by gravimetric 
analysis. 

However, it has been assumed by many that the error re- 
ported in the water vapor content measurement of diethylen® 
glycol-treated gases is also inherent in similar measuremen’s 
where triethylene glycol is employed. The purpose of this 
investigation was to determine whether or not such an error 


exists and, if so, the magnitude of this error. 


EXPERIMENTAL MATERIALS 


The natural gas employed in this investigation was taken 
from the mains of the Oklahoma Natural Gas Co. at Norman, 
Okla. A representative analysis of this gas is shown in 
Table I. In view of the fact that this gas contains approxi- 
mately 12 per cent air, several experimental determinations 
were made using oil-pumped nitrogen gas as the gas phase. 
This compressed nitrogen gas was obtained from the Air 
Reduction Magnolia Co. at Oklahoma City, Okla. 

The triethylene glycol used was an air-treatment grade sup 
plied by the Carbide and Carbon Chemicals Division, Union 
Carbide and Carbon Corporation. 


EXPERIMENTAL EQUIPMENT 


The dynamic equilibrium absorption apparatus described 
by Porter et al.” was employed in this investigation with only 
slight modifications, as shown in Fig. 2. The general plan of 
attack employed direct observation of the dew point of the 
dehydrated gas, using the U. S. Bureau of Mines Dew Point 
Tester and, simultaneously, determining the water vapor con 
tent of the gas by gravimetric analysis. The apparatus wa; 
modified to pass all glycol-treated gas through the dew point 
tester and, after heating in a hot water bath, the pressure was 
reduced to 60 psig by means of a pressure reducing regulator. 
Downstream from this regulator, the gas stream was split 
in two streams. One passed through a second regulator, where 
the gas pressure was reduced to near atmospheric, thence to 
two Pyrex adsorption tubes, filled with anhydrous magnesium 
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perchlorate, thence to a wet test meter for measurement. The 
second stream was also passed through a pressure reducing 
regulator to expand the gas to near atmospheric’ pressure and 
passed into the bottom of Absorber Tube No. 1, consisting of 
a standard 10-in. test tube filled with glass Raschig rings and 
closed with a neoprene stopper. Glycol vapors were absorbed 
in distilled water in this device. Effluent gas passed to a 
second wet test meter for measurement. 

\ third sample stream of gas was taken from the appara- 
tus upstream from the glycol contacting section, heated and 
expanded to near atmospheric pressure and passed in absorb- 
ing contact with fresh distilled water in a second absorption 
Absorber Tube No. 2 in Fig. 2. This 
glycol-free gas was used to determine the solubility of the 
in water, and employed in correcting the total 


tube, designated as 


natural gas 
glycol vapor and paraffin hydrocarbons absorbed in Absorber 
lube No. 1. Effluent gas from this tube was passed to a wet 
test meter for measurement. Gas from all meters was vented 


to atmosphere 


EXPERIMENTAL TECHNIQUES 


rhe experimental techniques employed in this investigation 
were essentially the same as those reported by Porter et al.” 
except for certain modifications outlined below. 

All gas delivered to the apparatus by the compressor was 
dehydrated by adsorbing the moisture on a freshly reacti- 
vated charge of dessicant, and then re-saturated at the desired 
system temperature and pressure once those conditions had 
been established. It was found that this procedure would avoid 
condensation of water in the experimental apparatus. 

Only that portion of the gas stream discharged by the com- 
pressor which was necessary for dew point and gravimetric 
analysis was passed through the glycol contactor. Most of the 
compressed gas was heated and then expanded to compressor 
suction pressure so that only the gas comprising the three 
sample streams was vented. All glycol-treated gas was passed 
through the dew point tester at all times to assure continu- 
ous flow at a steady rate and to eliminate any possibility of 
trapping gas with a variable glycol-water vapor content. 

lriethylene glycol solution rates were established at 35 
gal per standard Mcf of gas entering the absorber and this ra- 
tio was held constant during all experimental runs, regardless 
of pressure. Glycol were determined 
by the relative viscosity method described by Porter and Reid.” 


solution concentrations 


The total quantity of gas passed through the adsorption 


train varied but the minimum quantity approximated 12 stand- 


lable | 


Analysis of Natural Gas 


Volume or 


Mol % 


Component 


0.50 
2.60 
14.05 
67.29 


Carbon Dioxide 
Oxygen 
Nitrogen 
Methane 

Ethane 9.50 
Propane 27 
1.36 
0.31 
0.12 


Butanes 
Pentanes 
Hexane and Heavier 


100.00 


Specific Gravity 0.7470 
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ard cu ft. Magnesium perchlorate was chosen as the adsorbent 
because it extracts virtually all vapors from a gas stream, A 
final concentration of 0.002 mg of water vapor per liter of gas 
is reported for this desiccant.’ A 40 mg increase in weight of 
the drying tubes was desired in order to minimize weighing 
errors. 

The adsorption tubes were weighed on an analytical balance 
before and after each run and care was taken to replace the 
tubes in the train in the same order after each weighing. 
When the weight gained by the second tube exceeded five per 
cent of that gained by the first, the desiccant in the first tube 
was replaced. Prior to use, dehydrated gas was always passed 
through a freshly charged tube to displace the air and to 
saturate the desiccant with any adsorbable components of the 
gas. 

Eight standard cu ft of gas was passed through Absorption 
Tube No. 1, and an identical quantity was passed through 
Absorption Tube No. 2. Residue gas streams from the adsorp 
tion train and the two absorption tubes were measured to 
1/1000 cu ft and then corrected to standard conditions of 
29.92 in. of mercury and 60°F. 

The quantity of triethylene glycol vapor in the gas stream 
was determined by reacting the liquid contents of Absorption 
Tube No. 1 with potassium dichromate and concentrated sul 
furic acid and, after the oxidation-reduction reaction was com 
plete. titrating the excess potassium dichromate with ferrous 
ammonium sulfate. A correction for hydrocarbons dissolved 
in water was determined by subjecting the liquid contents of 
Absorption Tube No. 2 to the same procedure. Complet: 
details of this analytical procedure are reported by Politziner 

Results of these analyses were computed in terms of grams 
of triethylene glycol vapor per standard cubic feet of gas and 
this quantity was subtracted from the grams of water and 
glycol vapor adsorbed per standard cubic foot of gas. The 
remainder was the grams of water vapor per standard cubis 
foot which was then converted to pounds of water vapor per 
standard million cubic feet of gas. This result was 
predict the dew point of the gas from the 
McCarthy et al.* 

Although the water vapor content was obtained by differ 
ence, the results are quite accurate because the quantity of 
triethylene glycol vapor present in the gas was found to range 
from one to three per cent by weight of the total glycol and 


used to 


correlation of 


water vapor content. See Table II. 

Since McCarthy's correlation pertains to essentially nitro 
gen-free gas. several experimental runs were made employing 
oil-pumped nitrogen as the gas phase, replacing the air 


Table If — Triethylene Glycol in the Gas Stream 
Weight Per Cent of Total Glycol and Water 
Vapor Content 
System Temperature: 80°F 


Lbs. TEG 

System Per 100 lb TEG 

Pressure and Water Vapor 
psia in Effluent Ga 


Vapor 


TEG Concentration 


Run No. Weight Per Cent 


15 99.5 
29 95 
99.5 
27 95 
17 99.5 
28 95 
9 99.5 
26 95 
19 99.5 


500 
1,900 
1,000 
1.500 
1.500 
2.000 
2.000 
2,500 
2.500 
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Table ILL — Comparison of Observed and Calculated* 
Water Dew Points of Natural Gas Dehydrated 
By Triethylene Glycol 


Difference 
between 
Caleu- Ob- calculated 
lated verved and 
dew dew observed 
point point dew points 
oR oF oF 


TEG 
Concen- 
tration 


Water 
Content 
per std. 


MMcf 


System 
Press 


psia 


System 
% Temp 
by Wt F 


on 


1,000 


,000 


1 
1,000 
1 


vin 


000 


1,500 
2,000 
2,000 


2,000 


eK Coe me 


tomer 
nora 


000 
2,000 


26 95 


< 500 
*Based on 


22 50 
McCarthy, Boyd and Reid‘ 


9 
”y 


relation | 


diluted natural gas used in the major portion of this research. 
It was felt that this series of special runs might throw some 
light on the effect of nitrogen on the water vapor content of 
nitrogen-bearing natural gas mixtures. 
DISCUSSION OF RES 

Experimental water vapor content of 
glycol-dehydrated natural gas were made at pressures ranging 
from 500 to 2,500 psia and at system temperatures of 80 and 
90°F, employing solutions of 95 and 99.5 per cent by weight 
triethylene glycol, the remainder being water. Six additional 
determinations were made in which oil-pumped nitrogen gas 
replaced the natural gas. All nitrogen runs were conducted at 
80°F with pressures ranging from 500 to 2,000 psia, employ- 
ing glycol solutions of the concentrations noted above. 


determinations of 


The results obtained from this investigation are shown in 
Table III, where observed dew points are compared to dew 
points calculated from the gravimetric analyses by means of 
McCarthy's correlation. Inspection of these data show that, in 
general, the discrepancy between observed and calculated dew 
points is approximately two degrees F; also that these dis- 
crepancies are quite evenly distributed, plus and minus, indi- 
cating a small experimental error in manipulating the dew 
point tester at the low flow rate imposed by gravimetric 
sampling limitations. It is also significant to note that lower 
dew points were obtained when the gas was dehydrated by 
the 99.5 per cent glycol solution. The relatively low residual 
water vapor content of gas dehydrated in this manner tended 
to magnify the discrepancy between observed and calculated 
dew points. With but one exception, the greatest discrepan- 
cies are associated with determinations in which this highly 
concentrated solution was employed. A similar distribution 
was noted in the nitrogen runs, as shown in Table IV. 

Three separate and distinct dew points were observed dur- 
ing this investigation. Fortunately, they are not similar in 
appearance and distinctions are readily drawn. The first of 
these is a hydrocarbon dew point which appears as a bright, 
highly mobile liquid film cascading across the mirror. This 
cannot be confused with a water dew point because of its 
distinctive appearance and because it appears almost immedi- 
ately after cooling is begun. Where hydrocarbon condensation 
is severe and liquid accumulates in the dew point tester to the 
extent that it is cycled against the mirror by the gas jet, the 
entire body of the tester should be inverted. This will permit 
the liquid to drain off as fast as it is formed. 

The second dew point appears to be a thin film of glycol 
which accumulates gradually on a clean mirror and forms a 
haze. This film does not disappear when the tester tempera- 
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MEASURING THE WATER VAPOR CONTENT OF GASES DEHYDRATED 


BY TRIETHYLENE GLYCOL 


Table [V — Comparison of Observed and Calculated" 
Water Dew Points of Nitrogen Dehydrated 
By Triethylene Glycol 


Difference 
bet ween 
calculated 
and 
observed 
dew points 
F 


Ob- 
served 
< 


TEG 
Concen- 
tration System 
% Temp 
by Wt. F 


Caleu- 
lated 


Water 
Content 
System 
Press. 
peia 
95 
99.5 
99.5 1,000 
95 1,500 
99.5 1,500 
95 0 2,000 


33 
*Based on correlation by McCarthy, 


ture is raised or when its pressure is released. It has not been 
observed during tests on commercial dehydration units using 
triethylene glycol, so the formation of this film is believed 
to be an inherent characteristic of the experimental apparatus. 


As cooling is continued, a third dew point is observed. It 


appears as a dark spot in the center of the mirror and, if 
temperature and pressure conditions are conducive to hydrate 
formation, gas hydrate crystals will be observed forming in 
P this spot immediately after it appears. The temperature at 
) the instant the spot first appears is the water dew point. 


True equilibrium distribution of water between the vapor 
jand liquid phases was not obtained in the absorber during 
ithis investigation absorber 
jimposed by the gravimetric sampling rates. However. the 
}cegree of dehydration accomplished here was of the same 
}order of magnitude as that of most commercial dehydration 
In view of this similarity in performance, Fig. 3 has 


because of velocity restrictions 


punits. 
Sbeen prepared as a smoothed plot of a portion of the data o 
‘Table II, showing the magnitude of triethylene glycol vapor 
Hlosses as a function of absorber pressure when operated at 
80°F. The glycol concentration of the solution is the param 
eter. It is significant to note that the triethylene glycol con- 
centration in the effluent gas from the absorber is very low 
vand that this concentration reaches a minimum value in the 
vicinity of 1,000 psia. The low loss incurred by use of 95 per 
cent triethylene glycol solution may be even further reduced 
by increasing the glycol concentration. Glycol vapor losses 
are well within the limits of sound operating practice when 
the absorber pressure is as high as 2.500 psia. 

The data of Table Il 
concentration in 


glycol 
small, 


indicate that the triethylene 


dehydrated gas is unusually 


vapor 





TEG Vaeor Loss -i.e/M'CF 











Aessoreca Pressure - PSiA 


FIG. 3 — TRIETHYLENE GLYCOL VAPOR LOSSES AS A FUNCTION OF 
PRESSURE AND SOLUTION CONCENTRATION AT 80°F 
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ranging from one to three per cent by weight of the total 
water vapor plus glycol vapor content of the gas. Since but 
a small fraction of this glycol vapor would be condensed when 
the water dew point was formed, its presence would have a 
negligible effect. These data lend strong support to the com- 
parisons drawn in Tables HI and IV. 


CONCLUSIONS 
In conclusion, it is evident that: 

1. The water vapor content of triethylene glycol-dehydrated 
gases may be determined accurately by dew point measure- 
ment. 

2. The quantity of triethylene glycol vapor present in a stream 
of dehydrated gas is very small, ranging from one to three 
per cent of the total glycol-water vapor content of that gas. 

3. Triethylene glycol vapor losses are. in general, less than 
0.2 lb of glycol per standard MMef of gas processed, over 
the 
tration reported here. 


ranges of temperature. pressure and solution concen- 


1. Triethylene glycol vapor losses may be reduced to a sub- 
stantial degree by maintaining the glycol concentration of 
the solution greater than 95 per cent by weight. 

5. The water vapor content-saturation temperature correlation 
by MeCarthy et al. is accurate for triethylene glycol-dehy- 
drated gases whose specific gravities range as high as 0.75. 

6. The natural gas 
apparently has scant effect upon its water vapor content. 


variable nitrogen content of a mixture 


ACKNOWLEDGMENTS 


The air-treatment triethylene this 
nvestigation was furnished by the Carbide and Carbon Chem- 
icals Division of Union Carbide and Carbon Corp. 

rhe oil-pumped nitrogen and the nitrogen storage facilities 
Black. Sivalls and Bryson, Inc. 


grade glycol used in 


were furnished by 


REFERENCES 

1. Amero, R. C.. Moore, J. W.. and Capell, R. G.: 

Engr. Prog. (1947) 43, No. 7, 349. 

Bower, J. H.: J. Res. Natl Bur. Stds. (1944) 33, 199-200. 

Deaton, W. M.. and Frost, E. M., Jr.: Monograph 8 (1948) 
Bureau of Mines. 
McCarthy. E. L.. Boyd, W. L.. 
AIME (1950) 189, 241. 
McKetta, J. J.. Jr.. and Katz. D. L.: 
170, 34. 
Peahl, L. H 


Politziner, L.: 


Chem. 


| S 


Trans. 


and Reid, 


RE 


AIME (1947) 


Trans. 


(1950) 49, No. 10, 92-96. 
(1951) University of Okla- 


Oil and Gas Jour 
M.Ch.E. Thesis 
homa Library 
Porter, J. A 


235. 


and Reid. L. S.: Trans. AIME (1950) 189, 


Porter, J. A.. 
5. D-9 
Records, L. R.. and Seely, D. H., Jr.: Trans. AIME (1951) 
192, 61. (Jour. Pet. Tech.) Feb. 1951). 

Reid, L. S.: Trans. Southwestern Gas Measurement Short 
Course (1950) 460, University of Oklahoma. 

Reisenfeld, F. C.. and Frazier. H. D.: Oil and Gas Jour. 
(1949) 48, No. 12, 238. 

Russell. G. F.: M.Ch.E. Thesis (1944) University of Okla- 
homa Library. 

Tech. Bull.: Glycols, Carbide and Carbon Chemicals Divi- 
sion, Union Carbide and Carbon Corp., New York (1948). 
Wade. H. N.: Petr. Engr. (1943) 14, No. 7, 100-104. * *® 


Vol. 192, 1951 


and Reid. L. S.: Petr. Engr. (1950) 22, No. 





THE LATEROLOG: A NEW RESISTIVITY LOGGING 
METHOD WITH ELECTRODES USING AN AUTOMATIC 
FOCUSING SYSTEM 


H. G. DOLL, SCHLUMBERGER WELL SURVEYING CORP., RIDGEFIELD, CONN. 


ABSTRACT 


A new electrical logging method called Laterolog is de 
scribed which provides for better recording of formation 
resistivity. In this method a current, preferably of constant 
intensity, is forced into the formation perpendicularly to the 
wall of the hole as a sheet of predetermined thickness by 
means of a special electrode arrangement and of an auto 
matic control system. 

The essential advantages of the Laterolog over the regular 
resistivity logs are explained. With the Laterolog. the mud 
column has much less influence than with conventional meth 
ods. The Laterolog is, therefore, particularly useful in 
drilled with highly conductive mud. Moreover, when the elec- 
trode system is located opposite a bed of moderate or small! 
thickness, the disturbing effect of the adjacent 
becomes practically eliminated, provided the bed is thicker 


wells 


formations 


than the sheet of current, which itself is usually a few inches 
to a few feet thick. The sequences of beds are, therefore 
much more sharply differentiated. and, in many cases, it 

possible to read directly from the logs 
true resistivities of the formations without further corrections. 


values close to the 


Field examples are shown to illustrate the results of the 
method in various types of formations. 


INTRODUCTION 


As soon as it was introduced into the petroleum industry 
electrical logging proved to be a powerful instrument for the 
delineation of the strata traversed by bore holes and for corre 
lation of such strata."* Research and engineering efforts were 
mostly devoted at this early time to the design of the tech- 
niques which could provide the best data for these purposes. 

‘References given at end of paper. 

Manuscript received in the office of the Petroleum Branch February 7 
1951. Paper presented at the AIME Annual Meeting in St. Louis, Mo 
Feb. 17-22, 1951. 
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Later, attention was directed toward the quantitative analy- 
in order to obtain information on reser- 
and, in particular, on oil and water 
saturation.”' Efforts have been made, accordingly, with a view 
to improving the already existing methods, or to finding new 
methods which could satisfy these new requirements.” 


sis of electrical logs. 


voir characteristics, 


Quantitative analysis implies a determination as accurate 
as possible of the true resistivity of the formations. In fact, 
resistivity” recorded in front of a 
given bed by a conventional electrical logging method is fre- 
quently quite different from the true resistivity of this bed. 
the combined influence of the mud column, 
of the adjacent formations both above and below the bed, and 
of the invaded zone, in which the original fluid has been more 
or less replaced by mud filtrate. 


however, the “apparent 


This is due to 


When the beds are thick enough, and, as is frequently the 
case in sand and shale formations, when their resistivity is 
not much greater than that of the mud, it is generally possible 
to obtain their true resistivity directly on the electric log, or 
at least to obtain an approximate value which can be corrected 
without undue difficulty by means of recently published charts 
known as “departure curves.™ 

When the beds are thin, and particularly when, in addition, 
their resistivity is substantially greater than that of the mud 
apparent recorded on conventional 
logs are seriously affected, and it is generally very difficult, 
if at all possible. to estimate their true resistivity with a good 
enough accuracy. In the most severe cases, such as are 
encountered in holes drilled through hard formations with 
muds of high salinity, the conventional logs are so distorted 


column, the resistivities 


and rounded that they do not even show clearly the bound- 
aries of the different beds. 

In order to overcome the effect of the mud column and of 
the adjacent formations, it is possible to make use of appro- 
priate whereby the measurements involve a com- 
paratively thin slice of space at the level of the measuring 
device. 

\ mention is due, in this respect, to a measuring system, 
called the “guarded electrode,” invented by C. Schlumberger 
over 20 years ago. The system, schematically represented in 


systems 
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THE LATEROLOG: A NEW RESISTIVITY LOGGING METHOD WITH ELECTRODES 


USING AN AUTOMATIC FOCUSING SYSTEM 


Fig. 1, comprises one short central electrode M and two elon- 
gated short-circuited electrodes, G and G’ symmetrically placed 
above and below M, and connected to M by a low resistance 
shunt S. A current is fed to the electrodes, and that part i 
of the current which flows through the central electrodes 
forms a sheet which is confined between two approximately 
horizontal surfaces. The current i is measured by means of a 
meter located at the surface and connected to both ends of 
the shunt. The potential AV of electrode M is also measured 
A 
by means of another meter at the surface, and the ratio 
l 


gives the value of the resistance offered to the current, which 
resistance is proportional to the resistivity of the formation 
situated within the current sheet. The guarded electrode makes 
possible a detailed investigation of thin beds; however, the 
presence of a long metallic body in the bore hole amounts 
to short-circuiting the spontaneous current, and may deterior- 
ate the SP log. and furthermore measurements of resistivities 
with other electrical devices recording at the same level are 
made practically impossible. Moreover, because of the pres- 
ence of the shunt, the potential of the guard electrodes is not 
rigorously equal to the potential of the central electrode, but 
is greater by an amount which depends on the resistance of 
the shunt and on the resistivity of the surrounding media. The 
shape of the beam of current emitted by electrode M is, there- 
fore, affected to an extent which cannot easily be ascertained, 
and, consequently, the response of the system is not quite 
defined, particularly when the bore hele is filled with low 
resistivity mud. 

Along the same line, mention is also made of the interest- 
ing work done by the Pennsylvania State College.”* 

Mention must be made also of the Induction Logging method, 
which was the subject of an earlier paper.’ and in which a 
focusing effect is obtained by an appropriate combination of 
coils. 

The Laterolog system, which is described in this paper, is 
a new electrical logging method which makes use of a sheet 
of current of constant intensity and of well calibrated thick- 
ness, focused by means of an automatic control. This system 
furthermore can be used with point electrodes, which, among 
other advantages, make possible the simultaneous recording 
of the SP curve, or other electric logs. 

With the Laterolog device, the effect of the mud column can 
always be neglected, and the effect of the adjacent formations 
is practically eliminated in all beds whose thickness is greater 
than that of the focused sheet of current; ie., from a few 
inches to a few feet. depending on the electrode combination 
being used. 

Were it not for the invaded zone, a Laterolog would show 
directly the true resistivity of all beds whose thickness is 
greater than the limit mentioned above. In practice, the resis- 
tivity, as recorded, is quite close to the true value when the 
diameter of the zone invaded by the mud filtrate does 
exceed about two to three times the diameter of the 
and provided that the resistivity of the invaded zone is not 
greater than the true resistivity of the bed under investigation. 
This condition is frequently satisfied for oil-bearing forma- 
tions, especially when the salinity of the mud is not much 
lower than that of the connate water. 

Because of the comparatively small thickness of the focused 
sheet of current, the Laterolog gives a very detailed curve, 
and puts clearly in evidence the sharp contrasts between suc- 
cessive beds, however conductive the mud may be. 

The first applications of the Laterolog method have been in 
holes drilled with high salinity mud. In that case, logs showing 
sharp contrasts and great details are obtained, where conven- 
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FIG. 1 — GUARDED ELECTRODE 


tional methods would have given quite distorted and rounded 
curves. Furthermore, and because of the low resistivity of the 
mud filtrate in that case, the resistivities as recorded on the 
log are close enough to the true values. Typical examples of 
Laterologs run under such conditions are shown in Figs. 12, 
14. 

More generally, the Laterolog is quite useful in all hard 
formations because it eliminates the effect of the mud column 
and of the adjacent formations, which are generally quite 
large in that case for the conventional methods. It will always 
give a detailed picture of the formations, and a sharp defini- 
tion of the boundaries. Whenever the resistivity of the mud 


13 and 


filtrate is too great for the effect of the invaded zone to be 
neglected, the true resistivity will not be read directly from 
the Laterolog, but could be introduced if the 
depth of penetration of the mud filtrate, and the resistivity 


Vol. 192, 1951 


corrections 





H. 


of the invaded zone can be estimated or determined with the 
help of some other electrical log, which could be, for example, 
a Laterolog with a smaller depth of investigation. 

Qualitatively, in sand and shale formations, the advantage 
of the Laterolog is not so pronounced since there the conven- 
tional logs give a satisfactory answer. The usefulness of the 
Laterolog in that case will, therefore, depend on its ability 
to contribute to the determination of the true resistivity of 
the sands. Unfortunately, the muds that are generally used, in 
the Gulf Coast and Louisiana, for example, have a salinity 
which is much lower than that of the connate water, so that 
many sands, even good oil producers, are less resistive than 
the invaded zone. Here again, the determination of true resis- 
tivity from the Laterolog alone will be generally possible only 
when the effect of the invaded zone can be estimated by other 
means. 


It is reasonable to envisage that for most formations the 
best way to accomplish the determination of true resistivity, 
both in the case of thick and of thin beds, will consist 
simultaneously recording a Laterolog and an Induction Log, 
when the complete development of this last method is achieved. 


in 


G. 
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PRINCIPLE OF THE LATEROLOG 


The Laterolog device (Fig. 2) comprises one electrode A,, 
and three pairs of electrodes, M,M., M’,M’,, A,A:, positicned 
symmetrically with respect to A,, with the pairs being respec- 
tively short-circuited. A current of constant and calibrated 
intensity is fed through electrode A,. Additional currents of 
same polarity as the current flowing through A, are fed 
through the auxiliary power electrodes A, and A.. The inten- 
sity of these currents is automatically and continuously ad- 
justed in such a way that the difference of potential between 
VM.M, and M’,M’, is maintained substantially equal to zero. 
The potential prevailing at any one of these latter four elec- 
trodes is recorded. The apparent resistivity measured with the 
device is proportional to the value of this potential and to a 
certain geometrical factor which depends on the distance; 
between the various electrodes. 

According to this system, the current emitted from A, is 
prevented from flowing upward and downward past the meas- 
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uring electrodes M,M’, and M.M’,, as if insulated plugs were 
placed in the hole at the level of these electrodes. Accordingly. 
the mud column, which handicaps seriously the conventional 
logs when the formations are much more resistive than the 
mud, has very little influence on the measurements made with 
the Laterolog. Moreover, the electrical conditions created by 
the controlling system are such that the current emitted by 
1, behaves as if the insulated plugs were extended horizon- 
tally far away from the bore hole. The current is therefore 
obliged to flow within an approximately horizontal slice of 
space, whose thickness is about equal to the distance separat- 
ing the middle points O, and O, of M.M’, and M.M’.. 

Fig. 2 shows the distribution of the current lines and of the 
equipotential surfaces for a Laterolog device placed in a 
homogeneous medium. The sheet of current issued from A,,. 
represented by a shaded area, is bounded by two surfaces. 
which up to a considerable radial distance from the drill hole 
are close to the two horizontal planes passing through O, and 
O.. The potential of any of the electrodes M,. M’,, M.. M’ 
represents the drop of potential produced by ohmic effect in 
the sheet of current, from its origin in the bore hole to a large 
distance from the hole; and is therefore proportional to the 
resistivity of the medium. The volume of ground where the 
resistivity is measured is essentially a horizontal slice. having 
the same thickness and the same position as the sheet of 
current. 

To explain the operation of the system in the case of thin 
beds, it 
of a homogeneous bed 


that it is placed in front 
to as “the bed” 
sheet. and bounded above 
formations 


is convenient to consider 


referred having 
the same thickness as the current 
and below by thick 
referred to as upper and lower formations, and to neglect the 
effect of the mud column. 


homogeneous respectively 


the and lower formations are 
equal to that of the bed, the situation is substantially that of 


If the resistivities of upper 
an infinite homogeneous medium, and the distribytion of cur- 
rent and potentials is as represented in Fig. 2. If it is now 
assumed that the upper and lower formations are, for example. 
ten the bed, the auxiliary 
are automatically 


times more conductive than 
and A 
to about ten times what their value would be in a homogene- 
VM 


so that the distribution of poten- 


eur 
rents flowing through 4 increased 
medium — otherwise the potential differences at 
and M.M’, would not be nil 


ous 
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FIG. 3 — LATEROLOG — SHAPE CF THE SHEET OF CURRENT (LABORA 
TORY DETERMINATION). R,: RESISTIVITY OF BED. R.: RESISTIVITY OF 
ADJACENT FORMATIONS. R,,,: RESISTIVITY OF MUD 
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FIG. 4— LATEROLOG DEVICE OPPOSITE A BED WHOSE THICKNESS IS 
LESS THAN THE THICKNESS OF THE SHEET OF CURRENT. 


tial above and below the bed is automatically brought back to 
what it would have been in the homogeneous medium. There 
for the current of the sheet to be 
attracted by the upper and lower conductive beds. The sheet 


is, therefore, no tendency 


of current keeps nearly its normal shape, and produces in the 
bed a drop of potential which is practically the same as if 
the bed had been considerably thicker. The apparent resistiv- 
ity observed opposite the center of the bed is therefore very 
little different from the true resistivity of the bed. 

When the upper 
the bed, the 
creased, and an equivalent result is obtained. 


and lower formations are more resistive 


than auxiliary currents are automatically de- 

The result is practically the same when the sheet of cur- 
rent penetrates a homogeneous bed that is thicker than the 
sheet, and the apparent resistivity is again substan- 


tially equal to the true resistivity of the bed. As an illustra- 


current 


tion, Fig. 3 shows the shape of the sheet of current, deter- 
mined by laboratory experiments, for the case of a bed more 
thicker 


than the sheet of current. For comparison, the shape of the 


resistive than the adjacent formations, and slightly 
sheet of current, for the same pattern of electrodes, but in the 
case of a homogeneous medium, is shown in the figure. 

In the converse case of a bed whose thickness is smaller 
than that of the sheet of current, the constant current from 
1, divides itself, according to conductivities and respective 
thicknesses of the bed and that part of the surrounding forma- 
tions which is within the lower and upper limits of the sheet 
The apparent resistivity, as recorded, is in that 
between the resistivity of the bed and that of 


of current 
case an average 
the surrounding formations. and depends, of course, on the 
thickness of the bed. Furthermore, the presence of the more 
conductive formation within the sheet has a predominant ef- 


fect on the apparent resistivity.* 


*It i Ippos (Fig. 4) that « is the thickness of the bed and kh the 
thick ne ft t of current, R: the resistivity of the bed and Rs the 
resistivity formations. Since the current lines from Ao 
ily horizontal stariing at a certain distance from the 
erage, or apparent resistivity Ra measured with the 
ymouted approximately through the equation 
h h-e 


adjacent 


R R R 
taken equal to 10, Rs to 1, hk to 2 and e to 1, then: 
2 1 1 
1.1 
R 10 1 


1.8 so that Ra 0.18 Re 


1.1 
10 with the same 


if nverse > values for A and e, 
» that R 1.8 Re 


R. is again found « 
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In order to explain why the Laterolog is better adapted for 
the investigation of thin beds, it will be compared to a nor: 
mal device, in the following schematical example of a thin bed 
of high resistivity R,, non-invaded and bounded by thick for- 
mations of low resistivity R,, with the thickness of the bed 
being slightly greater than that of the sheet of current (Fig. 5). 

Fig. 5 is divided into two parts by a vertical dash-dot line 
which coincides with the axis of the bore hole. A power elec- 
trode A is shown on the axis mid-way between the boundaries 
of the bed. The distribution of the current emitted from elec- 
trode A, without any focusing system — case of normal device 

is represented qualitatively on the left-hand part of the 
figure. The distribution corresponding to the use of a focus 
ing system — case of the Laterolog — is shown in the right 
hand part. 

The apparent resistivity is proportional to the potential pre 
vailing at an electrode M, close to the power electrode A 
and consequently to the resistance between the equipotential 
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FIG. 5 — COMPARISON OF THE DISTRIBUTIONS OF THE CURRENT LINES 
IN THE CASE OF A NORMAL DEVICE, AND OF THE LATEROLOG, THIN 
BED MORE RESISTIVE THAN ADJACENT FORMATIONS. (SCHEMATIC 
DRAWING.) R,: RESISTIVITY OF BED. R.: RESISTIVITY OF ADJACENT 
FORMATIONS. R,,: RESISTIVITY OF MUD. 
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FIG. 6— RESPONSE OF LATEROLOG AND CONVENTIONAL DEVICES 
OPPOSITE A THIN RESISTIVE BED, NON-INVADED, WITH LOW RESIS- 
TIVITY MUD (LABORATORY DETERMINATION). d: DIAMETER OF HOLE. 
e: THICKNESS OF BED = 5d. R,: RESISTIVITY OF BED = 100. R,: RESIS- 
TIVITY OF ADJACENT FORMATION=3. R,,,:; RESISTIVITY OF MUD=0.1. 


surface passing through M, and infinity. In the case of the 
device without focusing system (left-hand side of Fig. 5), the 
current lines diverge from A in all directions and are definitely 
attracted upward and downward by the adjacent formations, 
more conductive than the bed, so that the resistance offered 
by the bed to the current is, to a great extent, by-passed. The 
apparent resistivity read opposite the bed is therefore much 
lower than the true resistivity of the bed. With the Laterolog, 
on the contrary (right-hand side of Fig. 5), all the current 
lines flow within the boundaries of the bed, at least for a 
large distance from the bore hole, so that the resistance 
between the equipotential passing through M, and infinity, 
and accordingly the potential at M, is directly controlled by 
the resistivity of the bed. The apparent resistivity then is 
very close to the true resistivity of the bed. 

This simple example was given to illustrate schematically 
the comparative behavior of the normal and the Laterolog 
devices. Similar comparisons could be made for other cases, 
but a complete review would be too long to be contained 
within the scope of this paper. 
characteristics of the 
Laterolog will be made more precise by the results of a lab- 
oratory as example, and of theoretical 
studies, relative to the determination of true resistivity. 


These general indications on the 


experiment given 


LABORATORY EXAMPLE OF LOGGING IN 
THIN BED 


Fig. 6 shows a typical example of a curve recorded in the 
laboratory with a Laterolog device opposite a thin bed, more 
resistive than the adjacent formations, and traversed by a bore 
hole filled with mud of low resistivity. 

In Fig. 6 the thickness of the bed e is equal to five times 
the hole diameter d. The spacing of the Laterolog device is 
0,0, = 1.5d, with A,A, being equal to six times O,0,. For a 
usual value of hole diameter, say about 9 in., these values 
correspond respectively to a bed thickness slightly less than 
4 ft, and to a thickness of the current sheet slightly greater 
than one ft. The resistivity of the bed R, is equal to 100, the 
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resistivity of the mud R,, to 0.1, and the resistivity of the 
adjacent formations R, to 3. 

The curves recorded with a short normal AM = 1.75d (16 
in.), a long normal AM = 7d (64 in.) and a lateral device 
AO = 25d (18 ft 8 in.) are also shown on the figure, for 
comparison.* 

It is seen in the figure that the Laterolog device gives a 
much sharper and more accurate indication of the boundaries 
of the bed than the conventional deviecs. Moreover, the value 
of the apparent resistivity read with the Laterolog on the 
center plane of the bed is equal to 80, i.e., only 20 per cent 
less than the true resistivity, whereas the normal devices and 
the lateral device show respectively 4, 5 and 12 instead of 100. 


DETERMINATION OF THE TRUE 
RESISTIVITIES 
The purpose of the Laterolog is not only to give a detailed 
qualitative delineation of the beds but also to provide directly 
on the log values close to the true resistivity of the beds 
whatever their thickness, provided, of course, this thickness 


is not exceedingly small. 


*The lateral curve, traced on the figure, has not been determined in_the 
laboratory because of the insufficient size of the experimental «nk. This 
curve is derived from the computation made, supposing the bore hole 
effect negligible. The maximum apparent resistivity thus computed is 
likely to be somewhat higher than the value which would be observed if 
the bore hole effect were taken into account. 


FIG. 7 — RESPONSE OF LATEROLOG DEVICE, HOMOGENEOUS BED OF 
INFINITE THICKNESS, NO INVASION. 
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FIG. 8 — RESPONSE OF THE LATEROLOG DEVICE A, BED OF INFINITE 
THICKNESS, DIAMETER OF INVADED ZONE D; = 2d (APPROXIMATE 
COMPUTATION). R,: RESISTIVITY OF BED. R,: RESISTIVITY OF ADJACENT 
FORMATIONS. R,: RESISTIVITY OF INVADED ZONE. R,: APPARENT RE 
SISTIVITY 


In order to realize what is the capability of the Laterolog 


in this respect, it is convenient to examine first its 


with reference to true resistivity determination in the simple 


response 
case of very thick beds — then how its response is affected by 
the presence of adjacent formations in the case of thin beds. 


hese two cases will be considered hereafter. 


Case of Thick Beds 


rhe value of the apparent resistivity:measured with a Later- 
vlog device can be computed exactly in this case in terms of 
the various factors involved: true resistivity of the bed, mud 
column, and invaded zone, if any. It is thus possible to deter- 
mine what distances should be selected between the electrodes 
to give the best possible response. The criterion, in this respect, 
is to obtain values of apparent resistivities R, as close as pos- 
sible to the resistivity R,, in a non-invaded 
formation for any ratio of the resistivity R, of the bed to the 


values of true 


resistivity R,, of the mud. 
lhe chart of Fig. 7 is related to the following combination, 
called “device A” 


0,0 32 in. and 4,A, = 80 in. 


In this chart, the values of recorded with device A are 


R, 


plotted in terms of the values of 


Che computations have been made for two widely different 
13 in.) but 
that 
the curve represented on the figure may be considered as being 


values of the hole diameter (namely 8 in. and 


the results have been found practically identical — so 


valid for all usual hole diameters. 


rhe curve is traced for a very wide range of values of 


namely between 0.1 and 1.000. It is seen that when 


> 
300, the values of 


less than about are equal to the cor- 


responding values of When is greater than 300, the 
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values of — are slightly higher, and the difference attains 


t 


— = 1,000. 


20 per cent for 


The behavior of device A will now be examined for the case 
of an invaded bed. Fig. 8 relates to a bed of infinite thickness, 
traversed by a bore hole of diameter d, the diameter Di* of 
the invaded zone being equal to 2d. The chart is intended to 
show how the response of the Laterolog varies according to 
whether the invaded zone is more or less resistive than the 
uncontaminated part of the bed. To this end, the ratio of the 
resistivity of the invaded zone R, to the true resistivity of the 
bed R, is born in abscissae, and the ratio of the apparent re 
sistivity R, to the true resistivity R, is born in ordinates. The 
points plotted on this chart were also determined by com 
putations. 


For 


less than 1 (conductive muds, and, consequently 
; 
conductive mud filtrate), the average curve is very close to the 


horizontal line of ordinate 1; and for values of - greater 
than 1 (fresh mud, and, consequently, fresh mud filtrate), the 
curve rises progressively. In other words, as long as R, is less 
than R,, the apparent resistivity is about equal to the true 
resistivity; when R, is slightly greater than R,, say less than 
twice as great as R,, R, is still close to R,. but a little higher 
the difference not exceeding 30 per cent; for greater values 
R, ¥ 
of -, R, becomes much greater than R, and attains a value 


R, 
— is equal to 10. 


of about 2 to 2.5 R, when - 


The conclusion of this analysis is that the Laterolog device 
gives values of resistivity which are practically not affected 
by the invaded zone, provided the resistivity of the invaded 
zone is not appreciably greater than the resistivity of the un- 
contaminated part of the bed. In the case of a formation of 
comparatively low porosity, the depth of invasion may be 
greater than 2d, and the influence of the invaded zone may be 
somewhat more important than is shown on the chart. The 
values of apparent resistivity are, nevertheless, still reasonably 
close to the true resistivity when R, is greater than R,. 

It is clear that conditions favorable to the use of the Latero 
log are obtained when the resistivity of the invaded zone and, 
accordingly, the resistivity of the mud, is low. Of course, it 
would not be advisable to decrease purposely the resistivity 
of the mud too much in order to improve the response of the 
Laterolog. because, for too low a mud resistivity, the SP 
curve is reduced to an almost flat line. But, in those regions 
where the mud is of high salinity anyway, because of the 
presence of a salt rock bed above the formations to be sur 
veyed, the Laterolog finds automatically an excellent field of 
application, and more so because in that case all the con- 
ventional electric logs are either featureless or very much 
distorted. 

Other combinations of electrodes are possible wherein the 
thickness of the sheet of current is taken smaller than with 
device A. One of these combinations corresponds to 0,0 


*It is supposed, for the convenience of the discussion, that the invaded 
zone is equivalent te a homogeneous medium, bound by two co-axial 
cylindrical surfaces of diameters d and Di. In fact, this representation is 
not entirely exact, and there is more likely a progressive change of resis- 
tivity between the invaded zone and the uncontaminated part of the bed 


Vol. 192, 1951 


PETROLEUM TRANSACTIONS, AIME 


T.P. 3198 


12 in. and A,A, = 72 in. (device B). The response of this 
device, as calibrated for practical use, is shown on the com- 
puted chart ot fig. 9. 


R, 
It is seen that with device B, when —— is than 


greater 


about 20, the values of are very close to the correspond- 
‘ t 
namely within a few per cent. When —— 


ing values of 


R, 
are greater than ——, and 


is less than 20, the values of 


the less , the greater the difference. 


In the case of bore holes drilled with high salinity mud, and 
more generally, for holes drilled through hard formations, the 
ratio of formation resistivity to mud resistivity is almost 
always greater than 20, or at least greater than 10, so that the 


values of recorded opposite any non-invaded formation 


1 


bd . . 
— is substantially 


will fall in that part of the curve where - 
R 


R 
Device B is therefore well adapted to the determination of 
true resistivities in wells drilled with high salinity mud, or in 
hard formations, and it has, furthermore, the advantage over 


equal to 
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FIG. 9 — RESPONSE OF LATEROLOG DEVICE, HOMOGENEOUS BED OF 


INFINITE THICKNESS, NO INVASION. 
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FIG. 10— EFFECT OF BED THICKNESS ON THE RESPONSE OF THE 
LATEROLOG DEVICE AND THE CONVENTIONAL DEVICES, NO INVA- 
SION, HOLE NEGLECTED. R,: RESISTIVITY OF BED. R.: RESISTIVITY OF 
ADJACENT FORMATIONS. R,: APPARENT RESISTIVITY. 


device A that it makes possible the investigation of thinner 
beds, since the thickness of the current sheet is only equal 
to about 1 ft instead of about 3 ft. 


Influence of Bed Thickness 


The exact computation of the true resistivities recorded with 
a Laterolog device opposite a bed of finite thickness traversed 
by a bore hole does not seem to be possible in the present 
stage of our knowledge. The problem, therefore. has been, 
and is still being investigated by means of laboratory tests 
on models. Some of the results obtained thus far have been 
reproduced in Fig. 6, which illustrates the preceding section 
of this paper. Although quite a few laboratory determinations 
have already been made, the results are not yet numerous 
enough at present to provide a complete information on the 
effect of the bed thickness, but they show that this effect is 
small, provided the bed thickness is greater than the thickness 
of the sheet of current. 

Approximate indications can furthermore be obtained by 
means of computations when the effect of the bore hole is 
neglected. Fig. 10 shows the results of such computations for 
the case of a bed, whose resistivity R, has been taken equal 
to 39 times the resistivity R, of the surrounding formations. 
On the figure, bed thicknesses, in feet, are born in abscissae. 


ordi- 


R, 
and the corresponding computed values of R are in 


nates. Three curves are traced which correspond respectively 
to the Laterolog device (O,O, = 32 in. and A,A, = 80 in.) to 
the long normal device (4M = 64 in.), and to the lateral de- 
vice (AO = 18 ft.). 

If the bore hole were taken into consideration, the depar 
ture between the apparent resistivity and the true resistivity 
for thin beds with the normal and the lateral device would be 
greater than is shown on the chart, whereas, for the Laterolog 
device, the departure would be substantially the same. 


Quite similar results are obtained for other values of 
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The relative departure of R, from R, is, however, more impor- 
tant for a bed more conductive than the adjacent formations, 
but, in this case, further laboratory experiments are necessary 
to determine the exact response of the Laterolog device. 


FIELD TECHNIQUE 


Fig. lla shows schematically the circuit generally used for 
recording the Laterolog curve. An AC current of constant 
intensity is fed through electrode A, by means of a generator 
located at the surface. Electrodes M,M, and M’,M’, on the one 
hand, electrodes A,A on the other 


hand, are respectively connected to the input and output ter- 


and surface electrode B, 


minals of an automatic control apparatus (1). By means of 
this apparatus, a current is fed through A, and A, which con- 
tinuously acts to maintain the difference of potential between 
VM, and M’,M’, substantially equal to zero. The common 
potential of electrodes M,M.M’,M’ means of 
meter (2), with reference to an electrode N placed in the 
bore hole at a great distance from the measuring device. 


is recorded by 


control system used to keep the potential 
V.M, and M’,M’, equal to zero can be 
applied equally well to another electrode 
llb. In this case, instead of the point electrodes 
used, 
and 


The automatic 
difference between 
arrangement as 
shown in Fig. 
of the 


namely 


Laterolog. elongated electrodes are 
and two symmetrical 


standard 


one central electrode A’ 














FIG. 11 — LATEROLOG — SCHEMATIC CIRCUITS 
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short-circuited electrodes A’,A’, The technique of measure 
ment is essentially the same as that just described; a current 
of constant intensity is fed to electrode A’, and the difference 
of potential between A’, and A’,A’, is maintained substantially 
nil by means of the same automatic control apparatus (1) 
The common potential of A’,A’,A’, is recorded by means of 
meter (2). For the sake of differentiation. this system can be 
designated as “Laterolog 3” (3-electrode Laterolog), and the 
standard system as “Laterolog 7” (7-electrode Laterolog) 

It appears that with Laterolog 3, the current is made to flow 
within a substantially horizontal sheet of space, whose thick 
ness is about equal to the length of electrode A’,. If the length 
of electrode A’, in Laterolog 3 is taken equal to the distance 
O,O, in Laterolog 7, the thicknesses of the sheets of current 
in both cases will be the same, and both devices will have 
similar abilities for the detection of details. 

The response of Laterolog 3 cannot be determined by com 
putations 
trodes 


as is the case for the Laterolog with point ele: 
and must be investigated by laboratory experiments 
on scale models. Although such experiments are not yet suf 
ficient to provide a complete answer, it seems possible to 
foresee that Laterolog 3 will give results substantially equiva 
lent to those of Laterolog 7, provided its overall length is 
appreciably greater. 

One important feature is that with Laterolog 3, the presence 
of a long metallic body in the bore hole affects the SP curve 
adversely. This fact, however, will present no practical draw 
back in the case of wells filled with high salinity mud, where 
the SP curve is reduced to a practically flat line anyway. I 
is reasonable to think that, in the case where the mud is not 
very salty, and where, therefore, the SP curve gives valuable 
indications, the use of Laterolog 7 will be preferable. Latero 


log 7 has also the advantage that other resistivity logs with 


electrodes, or induction logs, can be recorded simultaneousl) 
without the fundamental difficulty that would result from the 
presence of a long metallic body. 


FIELD EXAMPLES 


Fig. 12 is an example of application of Laterolog 7 in the 
limestones drilled with a mud saturated with salt 
(West Texas). The figure also includes, for comparison, the 
resistivity curves recorded with the conventional device, and 
the SP although this last curve is reduced to a 
straight line in this case. 


case of 


curve 


One striking feature on the figure is the considerable dif 
ference in the amplitudes of the resistivities recorded with the 
various devices. 

The resistivities recorded with the short normal and the 
limestone very low, not greater than about ten 
ohm-m, because the radii of investigation of these devices are 
small and the by-pass effect of the mud column is particularly 
important. In comparison, resistivities as high as 250 ohm-m 
are obtained with the lateral device, whose radius of investiga 
tion is very large, and also with the Laterolog device. 


sonde are 


The Laterolog furthermore gives a sharp and detailed delin 
eation of the beds. Some of these details correspond to slight 
excursions on the limestone sonde curve, which is reproduced 
on the right-hand track with an amplified resistivity scale 
Many details clearly indicated on the Laterolog, however, are 
lacking on the limestone sonde curve, despite the enlarged 
scale. 
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FIG. 12— EXAMPLE OF LATEROLOG 7, HARD FORMATIONS, HIGH 
SALINITY MUD (WEST TEXAS). HOLE DIAMETER 778 IN., MUD RESISTIV- 
ITY (CORRECTED FOR TEMP.): 0.04 OHM-M. SHADED AREAS ARE TRACED 
FROM THE LATEROLOG AND CORRESPOND TO THE BEDS WHICH ARE 
MORE RESISTIVE THAN ADJACENT FORMATIONS. 


Although large contrasts of resistivities are observed both 
on the lateral curve and on the Laterolog, the shapes of the 
two curves are markedly different. As proven by theoretical 
and laboratory studies, the Laterolog gives an exact record 
of the formations, and can be taken as a reference log. The 
comparison between the lateral curve and the Laterolog curve 
therefore how much the former is distorted 
by the effect of the mud column, although it gives approxi- 
mately the value of the average resistivity over large sections 
of formation. If interval (A) is considered, for example, it 
appears from the Laterolog curve that the resistivity actually 
decreases from the top to the bottom. On the lateral curve, a 
“blind is noticed below the upper boundary, and a 
maximum is attained near the lower boundary, which gives 


show s clear ly 


zone” 


the erroneous impression that the resistivity increases down- 
ward, 

Fig. 13 is another example of Laterolog 7 in hard formations 
drilled with high salinity mud (Kansas). Quite similar re- 
marks can be made regarding this example. 

Fig. 14 is a comparative example showing curves recorded 
with Laterolog 7 and Laterolog 3 in high resistivity formations 
(Kansas). In this well both Laterologs were recorded in com- 
paratively conductive mud (resistivity, corrected for tempera- 
0.2 ohm-m). The conventional logs were recorded after 
the salt mud had been replaced by fresh mud (resistivity: 
corrected for temperature, 1.7 ohm-m). In this example, the 
thicknesses of the beams were respectively 6 in. and 12 in. 
for the. Laterolog 3 and the Laterolog 7, and the overall lengths 
of both sondes were substantially equal. A few minor details, 
which are indicated by the Laterolog 3, do not appear as 
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THE LATEROLOG: A NEW RESISTIVITY LOGGING METHOD WITH ELECTRODES 


USING AN AUTOMATIC FOCUSING SYSTEM 


clearly on the curve with the Laterolog 7: these details corre- 
spond to thin beds, whose thickness is below 12 in. On the 
other hand, those thin beds which are more than 12 in. thick 
give rise to a sharper contrast with the Laterolog 7 than with 
the Laterolog 3, because in this particular instance the focus- 
ing properties of the former system are better than those of 
the latter one. 


CONCLUSION 


A new method for the measurement of resistivity in bore holes 
has been described, which involves a controlled focusing sys- 
tem of electrodes, whereby the current used for the measure- 
ment is obliged to flow within a narrow slice of space, the 
boundaries of which are substantially horizontal up to a great 
distance from the bore hole. With this method, the effect of 
the mud column, and of the adjacent formations on the value 
of the apparent resistivity measured opposite a given bed is 


SAMMA- RAY LOG 
radioactivity increases 


RESISTIVITY 


onms m?/m 


WORMAL aM 16 








FIG. 13— EXAMPLE OF LATEROLOG 7, HARD FORMATIONS, HIGH 
SALINITY MUD (KANSAS). HOLE DIAMETER 77% IN., MUD RESISTIVITY 
(CORRECTED FOR TEMP.): 0.07 OHM-M. SHADED AREAS ARE TRACED 
FROM THE LATEROLOG AND CORRESPOND TO THE BEDS WHICH ARE 
MORE RESISTIVE THAN THE ADJACENT FORMATIONS. 
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FIG. 14 — COMPARATIVE EXAMPLE OF LATEROLOG 3 AND LATEROLOG 
7 IN HARD FORMATIONS (KANSAS). 


practically eliminated, wherever the thickness of the bed is at 
least equal to the thickness of the sheet of current, i.e., a few 
inches to a few feet. depending on the distances between the 
electrodes. 

By means of the Laterolog an accurate and detailed delin- 
eation of formations is obtained. The new method furthermore 
gives apparent which are close to the 
true values, provided the depth of invasion of mud filtrate is 
not too deep, and provided the resistivity of the invaded zone 
is not greater than the resistivity of the uncontaminated part 
of the bed under survey. This last condition is frequently 
satisfied in the case of oil-bearing beds, particularly when 
the salinity of the mud is not much lower than the salinity 
of the connate water. 


values of resistivity 


Because of its remarkable ability to overcome the by-pass 
effect of the mud column, the Laterolog has been first intro- 
duced in this effect is particularly 
detrimental for conventional electrical logs, i.e., where high 
salinity muds are commonly used. The usefulness of the 
Laterolog, however, is not limited to this case, but, on the 
least to all hard formation terri- 


those regions where 


contrary, should extend at 


tories, 
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DISCUSSION 


By B. F. Howell, Jr., Pennsylvania State College, State Col 
lege, Pa. 

The need for a commercially available service offering this 
logging method has been apparent for some time. It is not a 
new technique. Similar, though somewhat different, ideas ar: 
described in U. S. Patents No. 2,446,303 and No. 2,347,794 
The technique described in this paper was developed inde 
pendently several years ago by the Pennsylvania State College 
Mineral Industries Experiment Station in cooperation with 
the Pennsylvania Grade Crude Oil Association, and has been 
in use by them in making electric logs as a part of their geo 
physical research program in the Bradford Field of Pennsy! 
vania 1949. Two preliminary papers by 
Keller of Pennsylvania State College have been published 
describing the technique,* and a final report on its theory 
applications and limitations will be published soon. 


since George V 


The method is particularly adapted to fields where beds 
are very thin. In such cases, it appears to give more detailed 


and more accurate measurements than any other logging 
system known. It is of particular value where the electric logs 
are to be used for quantitative calculations of reservoir prop 
erties. In the experience of this laboratory it is the only log 
ging method which can be used dependably for this purpose 


where bed thicknesses are less than one ft. 


AUTHOR’S REPLY TO MR. HOWELL 


I agree with Howell that the technique of measuring forma 
tion resistivities in a bore hole by means of a focused sheet 
of current is not new. But I wish to remark that the system 
which constitutes the essential subject of the paper is the 
Laterolog with point electrodes and automatic control (called 
Laterolog 7), whereas any previous work, to my knowledge 
is related to systems involving elongated electrodes. The use 
of point electrodes has the advantage of making possible the 
simultaneous recording of an accurate SP curve — assuming 

*Keller, G. V.: “An Improved E’ectrode System for Use in Electric 
Logging,” Producers Monthly (August, 1949); and “Modified Mono-Elec 
trodes for Improved Resistivity Logging,”” Producers Monthly (July, 1950) 
a'so published in the proceedings of the Twelfth Technical Conference on 


Petroleum Production, Pennsylvania State College Mineral Industri« 
Experiment Station Bulletin No. 54. 


Vol. 192, 1951 


PETROLEUM TRANSACTIONS, AIME 





FIG. A— SCHEMATIC CIRCUIT 
OF GUARDED ELECTRODE 
AFTER C. SCHLUMBERGER’S 
DRAWING ON HIS MEMO- 
RANDUM OF OCT. 13, 1927. 














of course, that there are SP’s available, which is not true in 
and also of other resistivity curves. Such 
recording would be particularly difficult to make in the case 


high salinity mud 


of a system with elongated electrodes, 

I would say that I do not know of any reference of other 
work regarding the Laterolog with point electrodes. As for the 
use of elongated electrodes, this technique was invented by 
C. Schlumberger a long time ago, as mentioned in the intro- 
duction of my paper, and made public in 1940-41, during a 
litigation. 

At that time, the matter was discussed at length, and, 
among other documents, the following information was dis- 
( losed: 

1 A Schlumberger dated Oct. 13, 
1927.* This memorandum first contains a description of a 
system for measuring the formation resistivity in a bore hole 
xy means of a monoelectrode. Then, the guarded electrode is 
described, as quoted hereafter: 


memorandum from C, 


“If the formations considered are assumed to be formed 
of relatively thin horizontal layers, it is necessary to add 
and A” to the earth connection A, 
of substantially the same potential as A, and which force 
the lines of current leaving A to follow a horizontal path, 
corresponding to a cylindrical distribution of the potentials. 
The operation will be carried out as shown on the sketch, 
the current being led by the cable C and the shunt S being 
{ and A’.” 

Fig. A shows a schematic circuit redrawn from the original 
Schlumberger on the hand-written copy 
of the said memorandum. 


two end electrodes A’ 


placed between 
drawing made by C. 


2. A log which I recorded in December, 1927, and concern- 


ing which I gave some information as follows:** 


*... We tried a slight improvement in the method with 
one electrode in the case of thin layers, by adding to the 
rings, in accordance with Mr. 
. . This device was, in par- 


monoelectrode two guard 
Schlumberger’s memorandum . 


*U. S. Circuit Court of Appeals Fifth Circuit — Transcript of Rec- 
ord No. 10063, Halliburion Oi] Well Cementing Co. va Sch'umberger Well 


Surveying Corp., 5, 3396 


**Ilbid, 3335 
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Resistivity in ohms m*®/m 


FIG. B—RESISTIVITY LOG 
WITH GUARDED ELECTRODE 
IN WELL LOBSANN NO. 47, 
PECHELBRONN, FRANCE, DEC 
12, 1927. 








Depths 
ie Meters 


328! 

ticular, tested by me in the Lobsann drill hole. derrick 47, 

on Dec. 12, 1927, as this drill hole had interesting thin 

layers (gypsum layers) ... ” 

A copy of this log is given in Fig. B. 

The device described in the present paper, under the name 
of Laterolog 3, is an improvement over the guarded electrode, 
characterized by the fact that it involves the same automatic 
control system as the Laterolog 7. 

Finally, | would add that I am very glad to make references 
to the interesting articles published by G. V. Keller in the 
Producers Monthly issues of August, 1949, and July, 1950. 


DISCUSSION 

By Ray L. Braeutigam, Sinclair Oil and Gas Co., Tulsa, Okla., 
Vember AIME 

I should like to extend my congratulations to Doll and his 
associates on their splendid work on this paper — and the 
Laterolog. Frankly, my curiosity is aroused. From the exam- 
ples presented in this paper, and from a few actual logs | 
have observed I think it can be seen that the Laterolog is 
capable of great detail in recording electrical responses and 
at the same time considerable depth penetration 
obtained. There is also evidence that bore hole effects can 
be eliminated to a large extent. Anyone engaged in detail 
studies of electric logs will welcome this group of desirable 


can be 


characteristics. All in all the prospects seem good for over- 
coming many of the problems which confront us when analyz- 
ing the regular electric logs. It is not too difficult to foresee 
the possibilities that this Laterolog may become a curve of 
major importance for both qualitative and quantitative reser- 
voir analysis from the electric log. True, more work remains 
to be done, but the present outlook gives us good reason to 
set our expectations rather high. 
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The apparent resistivities, R,, which this curve records are 
primarily R, plus R,. It is indicated here that the conversion 
from R, to R, in many cases will be more easily accomplished 
than is now possible through the standard, or present electric 
logs. | think it would also be well to emphasize that by vary- 

1, to A 


0,to O 
tration can be accomplished. This presents us with another 
the recording of two of these curves employing 


ing the spacing ratios, differences in depth pene- 


possibility 
two different spacing ratios to give us R, to R,. An accomplish- 
ment of this nature could greatly simplify quantitative inter- 
pretations from the electric log. After certain recording tech- 
nique problems are solved. it may even be possible to record 
these two curves simultaneously. 

I feel sure that the oil industry will welcome any further 
information on the Laterolog. as soon as Doll is prepared to 
offer it. 


DISCUSSION 


By M. R. J. Wyllie, Gulf Research and Development Co., 
Pittsburgh, Pa.. Member AIME 

Doll is to be congratulated upon the successful development 
of a logging device which has already done much to dispel 
the difficulties of logging in highly saline muds and which 
also contributes so signally to overcoming the thin bed prob- 
lem. The device is presently not suited to the determination 
of the true resistivity of permeable conductive beds, but the 
running of a Laterolog and an induction log should theoreti- 
cally give rise to sufficient equations to enable even this 
problem to be overcome. This assumes that some estimate of 
the depth of mud filtrate invasion can be made. 

| should like to ask Doll if he can estimate the extent of 
the radial investigation of a Laterolog in homogeneous resist- 
ant beds. Possibly the radial distance into the formation which 
contributes 90 per cent of the observed resistivity, as a func- 
might be a suitable way of 


tion of the Laterolog “spacing.” 


expressing this result. 


AUTHOR’S REPLY TO MESSRS. WYLLIE AND BRAEUTIGAM 


I wish to thank Wyllie and Braeutigam for their interesting 
comments. 

I would point out that the extent of the radial investigation 
of a Laterolog is mostly a function of the overall length of 
the electrode system. For the Laterolog 7 and in the case of 
homogeneous formation, the computations show that 90 per 
cent of the potential drop between the wall of the hole and 
infinity is obtained within a distance from the axis of the hole 
which is about three times the length 4,A4.. This result is no 
the case of thin beds, more resistive than 


longer correct in 


the adjacent formations, because. in this case, the sheet of 
current opens at a shorter distance from the hole than in the 
case of a very thick formation. This question of the investiga- 
tion of thin beds with the Laterolog is the subject of intensive 
laboratory research at the present time. 

It is right that the Laterolog is not well suited to the deter- 
mination of the true resistivity of permeable conductive beds. 
it being the case, however. only when the resistivity of the 
bed is appreciably less than the resistivity of the invaded zone. 
As remarked by both writers, an improvement in the investi- 
gation of true resistivity should come from the combination of 
two resistivity measuring devices with different responses 
as for example two Laterologs with different distributions of 
electrodes, or preferably one Laterolog combined with induc- 
e & ® 


y ; 
tion logging. 
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THE CALCULATION OF PRESSURE DROP IN THE 
FLOW OF NATURAL GAS THROUGH PIPE 


FRED H. POETTMANN, PHILLIPS PETROLEUM CO., BARTLESVILLE, OKLA., JUNIOR MEMBER AIME 


ABSTRACT 


An equation has been derived for use in calculating the 
sandface pressure of flowing gas wells in which the variation 
of the compressibility factor of the gas with pressure is taken 
into consideration. This variation due to compressibility has 
been put into both graphical and tabular form. Comparison 
of calculated results with field measured results were made 
on 20 dry gas wells from a given field and 11 distillate wells 
from different fields. The agreement between calculated and 
observed results is good. 

In addition to their use in the calculation of sandface pres 
sures of flowing wells, the factors can be used in the direct 
calculation of the static bottom hole pressure of gas wells, 
the capacity of gas transmission lines, and in the calculation 
of the theoretical isothermal horsepower necessary to compress 
a natural gas. Examples demonstrating the use of various 
equations are given. 


INTRODUCTION 


Many of the equations used to calculate the sandface pres 
sures of flowing gas wells from well head data do not take 
into consideration rigorously the deviation of the natural gas 
from ideal gas behavior. For low pressure wells this error is 
not serious. For high pressure wells flowing at high rates this 
error can be serious. Sandface pressures are used to determine 
the producing capacity of gas wells as shown in the U. 5 
Bureau of Mines’ Monograph 7.' 

An equation has been derived for use in calculating the 
sandface pressure of flowing gas wells in which the variation 
of compressibility of the gas with pressure is taken into con 
sideration. This variation due to compressibility has been put 
into both graphical and tabular form. In addition to their use 
in the calculation of sandface pressures, these “factors” can 
also be used to give a direct solution in the calculation of 
the static bottom hole pressure of gas wells, the calculation 
of the capacity of gas transmission lines, and the calculation 
of the isothermal horsepower necessary to compress a gas. 


CALCULATION OF SANDFACE PRESSURE 
OF FLOWING GAS WELLS 


The starting point in the derivation of any specific flow 
equation is an energy balance on the fluid flowing between 
any two points in the system. This energy balance based on 
one pound of flowing fluid is expressed by the well known 
general flow equation: 


e+ =0 eee t 


P. 
/ VdP + Ah4 
P 


References given at end of paper. 

Manuscript received in the office of the Petroleum Branch May 23, 1951 
Paper presented at the Fall Meeting of the Petroleum Branch in Okla 
homa City, Okla., Oct. 3-5, 1951. 
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where 
specific volume of flowing fluid in cu ft/lb 
= pressure in lb per sq ft 
difference in height above datum plane in ft 


kinetic energy change of one lb of flowing fluid, 


v equals velocity in ft/sec and g, = 32.174 

Work done by fluid while in flow (similar to shaft 
work in driving a turbine) 

losses due to the irreversibilities of the 
flowing fluid 


tinergy 


his equation contains no limiting assumptions and can be 
made the basis of any fluid flow relationship by limitations or 
substitutions. The energy units are usually expressed in terms 
of foot-pounds of energy per pound of mass. 

Considering the vertical flow of gas through tubing or annu- 
lus, the external work W’, done by the gas is zero. Let us 
also assume that the value of the kinetic energy function is 
small and can be neglected. Equation (1) is reduced to: 


rp. 
I, VdP+Ah+W,=0 ... 


The energy losses W, can be expressed in terms of the well 
known Fanning equatien: 


1/L45 
2¢.D 


W, 


where 
L the integrated average velocity in ft/sec 
of vertical flow in a uniform flow string Ah = L 
the integrated average velocity in ft/sec 
dimensionless correlating function 


da 
oL 


Friction Factor / = 


FIG. 1 — FRICTION FACTOR AS A FUNCTION OF REYNOLDS NUMBER 
WITH RELATIVE ROUGHNESS AS A PARAMETER.” 


317 





T.P. 3217 


THE CALCULATION OF PRESSURE DROP IN THE FLOW OF NATURAL GAS 


THROUGH PIPE 


Values of f are correlated as functions of the ~Reynolds 
€ 


pr 
and relative roughness —. Care must be taken 
) 


mm 


number 


to avoid confusion as quite often a multiple of four times / 
is plotted as a function of the Reynolds number and relativ: 
roughness (/' Hf). 


Substituting Equation (3) in Equation (2) and simplifying 


l VdP 


gives: 


Phe specific volume V can be expressed in terms of the gas 
law: 


ZRI 


WP 
Whe re 
Z Compressibility factor 
R Gas constant 1544 
7 Temperature °“R 
V Molecular weight of gas 
P Pressure, lb/sq ft 


as iF 


} 
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Table I 
ieee 
Wie 


J dP, 
0.2 


Values o 
Pseudo Pseudo 
Reduced Pseudo Reduced Temperature T Reduced *seudo Reduced Temperature Tr 
Pressure Pressure 
Py 1.05 1.10 ‘ 1.20 2! of *r 1.15 2 2 1.30 
0 0 9.1 593 2.8 3. 3.159 
0.350 0.350 85 ® .35 BE 1.350 9. 3 3 J 2 f 3. 8.170 
0.615 0.619 23 ¥ 62 63 4 : 8 7 2.99 097 3.182 
0.816 82 ' 83 3B ) 2.56 2. 3. . 3.193 
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Table I (Continued 


Pseudo Pseudo 
Reduced Pseudo Reduced Temperature Tr Reduced 2 Reduced Temperature 
Pressure Pressure 
50 1.60 1.7 P 2 2¢ 2.60 


3.037 
3.049 
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3.096 
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The absolute temperature T was removed from within the ze T 
integral sign by assuming a constant average temperature in rT, = T 
the flow string. This is not a serious assumption since temper P, = Pseudo reduced pressure 
ature usually varies as a straight line function of depth. T. = Pseudo reduced temperature 

The compressibility factors for natural gases are correlated P.. = Pseudo critical pressure 
as a function of pseudo reduced pressure and temperature Tl’. = Pseudo critical temperature in degrees absolute 
4 = Differentiating Equation (7) 
> CE ec ee See gale. PAP, = dP 

and substituting Equations (7) and (9) in Equation (6) ; 


Table Il — Flow String Weights and Sizes Equation (6) can be expressed in reduced form. 


RT f? Z , RT ff 4 ip 10 
, 
Nominal API Weight Outside Inside ( aP, - (10) 
Size Rating Per Ft Diameter Diamete VW P P V Pe, P; 
In ‘ 5 
: By arbitrarily setting a lower pressure limit of P, of 0.2 
2.3 or 2.4 : eT the value of the integral can be evaluated: 


2.9 or 2.748 A 1.610 
) 2 041 


4.06 . rp P, 7 
gE : 2. 1.995 1 Z 7 
ab oe 5, yt 2469 / ~ dP =/ dP, = 
9.59 P P 
6.25 or 6.5 2.878 2.441 k 
7.694 3. é P. os i “ 
8.50 3.5 3.018 dP 
9.30 3. 2.992 9 > ; 2 Pp 
10.2 2.92 0.2 4 D. 0.2 r 
9. 9.51 , 3.5 Z ; ; 
ate ge ¢ 3.47 Values of te dP, have been determined in both 
10.98 .f 2 P, 
11.75 BE ; . me 
12.75 "f 3.95 graphical (Fig. 2) and tabular form (Table I) from the com- 
pressibility factor chart for natural gases as functions of re- 
duced temperature and pressure.* A similar function was used 
by Fowler’ in the direct solution for calculating the static 
bottom hole pressures of gas wells. Fowler’s curves were cal- 


P.=- 


i ee me ee ee 


15.00 5.000 
18.00 5.000 276 
21.00 : culated for methane. 


16.00 5 me Pisaareg 
17.00 F 2 The integrated average value of velocity * can also be 


20.00 


a. £2222 Bees 


expressed as a function of 


ty : dP, 


Lot where 
20.00 Pounds gas flowing ~~ second 
22.00 ; 398 Cross sectional area of flow path in sq ft 


24.00 


see = a 7% \G )G ) 


30.00 
34.00 
26.00 
28.00 
32.00 





0 

9.5 or 40.00 
42.00 
24.00 
28.00 
32.00 
32.00 
36.00 
38.00 
43.00 


44.85 
34.00 
38.00 
40.00 
45.00 





Ty 


oRA 
SEPARATOR GAS GRAVITY 





54.00 





WELL FU 











10.750 


40.00 10.750 
10% 40.50 10.750 | 
10% 10.750 ‘ Bf ! 
10%, 5.6 10.750 C [ 40 60 80 100 120 
10%, 48.00 10.750 BARRELS CONDENSATE PER MILLION STO. CU. FT GAS 


























10%, 51.00 10.750 


10% 54. 10.75 ‘ 
to ret ertn FIG. 3— GRAVITY RATIO VS STOCK-TANK YIELD OF CONDENSATE. 
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THE CALCULATION OF PRESSURE DROP IN THE 


FLOW OF NATURAL GAS 


THROUGH PIPE 


dP, 


J” eae <= (4 Ve. 


P, - -P 


(EY de UE 
ED cee 


i 


(14) 
AP 


dP, } (15) 


Pr, 2 . 
I; P, adh | 


(16) 


‘ie 


si 
iat i, = | 
QZ P. 


53.241 J (P., & P. @ 
Lh. == dP, dP,|. 
Ves les 


Where: 
Then substituting Equations (10), 


(4): 
& v¢ -) 2 
< D . 


Further aeatiianees results ie: 


L. 
UG 


a, |. (17) 


(18) 


G equals gas gravity (air = 1) 
(16) and (18) in Equa- 


tion 


(19) 


L= . 
3.8085 x 10° 


(Ly) 
(AP) 


lable Ul 
Part A 


Tubing Size 


n. 
Nominal 


Part 
Gas/Oil 
atio 


MCF Bb! 


$41.5 
341.2 


Tubing Size 


n 
Nominal 
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Dry Gas 
Specific 


Gravity 
of Flowing 


Distillate 


Where: 

L = depth in ft 

Q = MMcf/D of gas at 14.65 and 60°F 

D = diameter of tubing in ft 

AP = P,-P.= P. (AP,) in psia 
G = gas gravity (air = 1) 
Thus an expression relating the difference in elevation L 

pressure limits P, and P, as a function of 
tubing diameter, average flowing tem- 


between any two 


flow rate, gas gravity, 
perature, and correlating factor f is available. 

Values of / can be obtained from Fig. 1, which is a plot of 
/' = 4f, as a function of Reynolds number and relative rough- 


of - e 


0.2 


> 


Values dP, can be obtained from Fig. 2 


ness. 


or Table I, convenient. The increments of 
pseudo reduced pressure and temperature of Table I are such 
Table II lists the perti- 


various flow string sizes. 


whichever is most 
that linear interpolation may be used. 
nent data on the 

The literature contains many equations for the determina- 
tion of the value of f. At present it appears that one of the 
best ways to determine f is by the relative roughness method.° 
To use the relative roughness method it is necessary to estab- 
lish a value for the absolute roughness of the pipe wall. 
This can best be accomplished by an analysis of experimental 
and Binckley’ have from data 
presented in U. S. Bureau of Mines Monograph 6,’ that an 
absolute roughness of 0.0006 in. is satisfactory for clean pipe. 

The 


Reynolds 


flow data. Cullender shown 


can be expressed as a power function of the 
diameter for a absolute 


factor / 


number and pipe given 


— Comparison of Observed Data and Calculated Results, Flow of Gas in Vertical Pipe 


Wells 


Sand Face Pressure 
) > 
Deviation 


Observed 
> Per Cent 


Calculated 
Fluid Psia Psia 
0.600 1490 
0.600 


0.600 


Wells 


Ps 
Obs serv ed Cale aaa d Deviation 
sia Psia Psia Per ¢ 


+2.343 
+ 3.160 
0.351 
0.501 
0.308 
0.192 
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roughness.’ For an absolute roughness of 0.0006 in. and in 
terms of Q, G, D and viscosity u: 
Leese. oC ea oo 


0,065 


“ 
Substituting Equation (21) into Equation (20), gives: 


L= fai 7 of ESLER. 
Q' wss S OMS j R, 

2 + 20000028 

DP u"™ (AP) 

where « = viscosity in pounds per foot second. 


Comparison with Field Data 


In order to present an idea of the deviation of the calcu 
lated results from field measurements for a given set of con- 
ditions, Table III was prepared. Comparisons were made on 20 
flowing conditions in dry gas wells from a given field and 11 
flowing conditions in distillate wells from different fields. 
Equation (22) was used to calculate the pressure traverses. 
Only sandface pressures were compared. The deviations shown 
reflect to a considerable degree the accuracy of the data used 
in making the calculations and the accuracy of the recorded 
flowing pressures, not the accuracy of the mathematical devel- 
opment. In the cases of the dry gas wells, for example, most 
of the deviations are negative, indicating that perhaps for 
the tubing in this field, the absolute roughness and thus the 
factor f were slightly underestimated. However, the agreement 
between the calculated and observed results is good. 

The application of Equation (20) or (22) to distillate wells 
may be somewhat limited by the amount of liquid in the flow 
string. However, it is of interest to note that for a ratio as 
low as 40,000 cu ft per bbl, reasonable agreement is still 
obtained. The higher the gas/oil ratio the more accurate one 
can expect the calculated results to be. It is likely that the 
procedures can be applied to wells with ratios considerably 
lower than 40,000 cu ft per bbl without appreciable error in 
the computed results. Table III also summarizes the data used 
to calculate the pressure traverses. 

The gas gravity G of Equation (20) or (22) can be calcu 
lated from the composition of the flow stream or experiment 
ally measured. In the case of distillate wells, if the composi- 
tion is not available, gas gravity may be calculated from the 
following equation:* 

4,591 G, 

R, 

1,123 

3+ ecaris 
R, 


‘Pi 


G,. = Separator gas gravity 
G. = Specific gravity of condensate 
R, = gas/liquid ratio, cu ft/bbl 

Rzasa and Katz’ developed a simple correlation based on 
field data, Fig. 3, from which can be estimated the well fluid 
gravity of distillate wells, if Equation (23) is not used. 

The pseudo (molal average) critical temperature and pres- 
sure of the gas may be calculated from the gas composition 
If composition is not available, Fig. 4 may be used to estimate 
the pseudo critical temperature and pressure.’ 

The viscosity of the natural gas may be obtained from Figs 
5 and 6.’ 

In the case of flow through the annulus, D’ of Equation (20) 
must be replaced by’ 


D’ = (D, + D.)* (D,-D.)* 
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and D**” of Equation (22) by 
PM = (D+ By)" GeDi 
Where D, = Internal diameter of casing in ft 
D, = External diameter of tubing in ft 
The use of Equation (22) is perhaps best explained by a 


(25) 


numerical example. 
Example: Calculate the sandface pressure of gas-distillate 
well from the following surface measurements: 
Q = 5.153 MMcf/D 
D = 1.995 in. = 0.1663 ft 
Gravity separator gas = 0.600 
Gravity distillate = 35.3 “API 
Separator gas/liquid ratio = 787.89 Mcf/bbl 
Depth of well = 5,790 ft 
Kottom hole temperature = 160°F 
Well head flow temperature = 83°F 
fubing pres-ure = 2,122 psia 
= 0.0185 centipoise (Figs. 5 and 6) 
= 1.2432 x 10° |b/ ft-sec 
160 + 83 
— = 121.5°F 


Viscosity 


‘rage flow string temperature = 


= §81.5°R 
gravity of flow stream from Equation (23) 
4,591 G, 
i R. 
1,123 
R, 
(4,591) (0.8483) 
787,890 
1,123 
787,890 


0.600 + 


, = 0.604 


PSEUDO CRITICAL PRESSURE 
LBS./SO. IN. ABSOLUTE 


dO TICAL TEMPERATURE 
DEGREES RANKINE 


: 


2GEeEe 


+ 4 ; ¢ + 


0.8 098 
GAS GRAVITY (AiIR=1) 


FIG. 4— PSEUDO CRITICAL PROPERTIES OF CONDENSATE WELL FLUIDS 
AND MISCELLANEOUS NATURAL GASES.’ 
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THE CALCULATION OF PRESSURE DROP IN THE FLOW OF NATURAL GAS 


THROUGH PIPE 


Pseudo critical temperature and pressure from Fig. 4 
P. = 671 psia 
T. = 360°R 

Pseudo reduced temperature 


T S615 
T,.=—-=>=—— 
T. 360.0 
Calculate L, for various downhole pressures 
. 2 3 4 


sa 
P| P. f p apf’ 


= 1.615 


i 
Z S 2 a 

dP, f ; dP, (Equaiion 
P a -P, 18) 
2122) 3.162 
2390)3.428 
2600) 3.875 


3483.7 
8709.7 


0.068 
0.170 


Column 1 shows the various downhole pressures for which 
L, is to be calculated. Column 2 is the pseudo reduced pres- 
sure and is column 1 divided by 671 psia. Celumn 3 was 
obtained from Table I by interpolation. Column 4 is the value 


P, & 
of p P dP, between the downhole pressure and the tub- 


ing pressure. Column 5, L, is calculated from Equation (18). 


The various depths L corresponding to the pressures P of 
column | are then calculated from Equation (22). 
P L 
2,122 0 
2.300 2,445 
2,600 6.365 


” 
a 
re) 
S 
- 
2 
a 
~ 
. 
9 
° 
b 
< 
> 
” 
° 
re) 
2 
> 
~ 
i 
2 
2 
6 
” 


ABSOLUTE VISCOSITY AT 100 *F, CENTIPOISES 


a7o0 0.80 090 
GAS GRAVITY (AIR=1.00) 


FIG. 5— VISCOSITY OF NATURAL GAS." 
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Fig. 7 shows a plot of this pressure traverse. At a depth of 
5,790 ft the sandface pressure is 2,556 psia as obtained by 
plotting the traverse on large scale graph paper. 


CALCULATION OF STATIC BOTTOM-HOLE 
PRESSURES OF GAS WELLS 
Fowler* suggested the use of factors similar to those listed 
in Table I or plotted on Fig. 2 in a method involving the 
direct solution of the static bottom hole pressures of gas wells. 
For zero flow rate (Q = 0) Equations (20) and (22) reduce 


to: 
53.241 7,, [Pn = P, & 
~ > . ) 
G J 02 pw P, ir,| 
(26) 
By rearranging. 
Py, Z id LG +f" n & dP. 
a SF 53.241 T av, O22. F, 
Equation (27) is a direct solution for the static bottom hole 


(27) 


pressure. 


ZL 
Pi 
LG 
53.241 T 
can be evaluated directly, the sum of the two then gives the 


P., 
The factor corresponding to tubing saciisiald “ dP, 
0.2 


can be obtained directly from Table I or Fig. 2, 


ra 2 
factor / dP, corresponding to the bottom hole pres- 
0.2 P 


sure. The pseudo reduced bottom hole pressure can be ob- 


ABSOLUTE VISCOSITY AT 200°F , CENTIPOISES 


ABSOLUTE VISCOSITY AT 300 .CENTIPOISES 


0.70 080 090 
GAS GRAVITY (AIR= 1.0) 


FIG. 6— VISCOSITY OF NATURAL GAS." 
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tained from Table I or Fig. 2. Multiplying this pseudo reduced 
pressure by the pseudo critical pressure gives the static bot 
tom hole pressure. 

Example: Calculate the static bottom hole pressure of a gas 
well having a depth of 5,790 ft. The gas gravity is 0.600 and 
the pressure at the well head is 2,300 psia. The average tem- 
perature of the flow string is 117°F. 

From Fig. 4 

fT: = 358° R 
672 psia 
/ 117 + 
= 
2300 
~ 672 
From Table | 
ii 1 
0.2 9 a 
LG (5,790) (.600) 

- = — = 0.113 

53.241 T, (53.241) (577) 
Therefore from Equation (27): 


[Pe 
0.2 
From Table | 2.742 at a T, 


3.918 
P = (3.918) (672) = 2.633 psia 


= 3.423 


dP, = 2.629 


dP, = 2.629 + 0.113 = 2.742 


of 1.612 corresponds to a P, of 


HORIZONTAL FLOW OF GAS 


Equations for use in estimating the capacity of pipe lines 
quite often disregard the deviation of the natural gas from 
ideal gas behavior. For low pressures this error is not serious. 
For high pressures, this deviation from ideality must be taken 
An equation can be derived which makes 
use of the factors tabulated in Table I or of Fig. 2. 


into consideration. 
Starting with the general flow equation and assuming no 


difference in elevation (AA = 0), no external work (# 0) 
and a negligible kinetic energy term, then: 


ie 
J VdP +8 1-0 
Fr 


it has been shown in the foregoing sections that: 


Ee vaP =. 53.241 T,, rt “dp, J 


ap (= Tove ) 
acme 2 G 


P, ff a W \? l 
dP, dP, ( ) (30) 
J , A (AP) 


oz ?P., 0.2 
by substitution of Equations (29) and (30) 
(28) and division by Equation (29) 


, 4/L ( 53.241 7.., ) 
2 ¢D G 
P. € Pa i fd l vT\: 
/ dP, / ar,| ( ) =0. (31) 
0.2 P, 0.2 P, (AP) A 


Simplification of Equation (31) then results in: 


: oh ty fe 


a 
dP, | 
P 


(29) 


into Equation 


4,976.18 (AP)*}' 


- 
p u,| 


G= 
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FIG. 7 — PRESSURE TRAVERSE OF FLOWING GAS WELL. 


= MMcf/D of gas at 14.65 and 60°F 
= Diameter of tubing in ft 
= P,-P, in psia 
, = Gas gravity (air = 1) 
avg = Average flowing temperature 
L = Length of line in ft 


Expression of the / factor in terms of Q, G, D, and », Equa- 
tion (21), and substitution into Equation (32), results in: 
v= 


6.43732 x 10° D**™ 


as 


where « = viscosity in lb 


(AP)? 
Pr. & 
dP, - I’ Pp | 


P. 9 
4 


ft-sec 


Example: Calculate the capacity of a pipe line consisting 
of 50 miles of 26 in. OD pipe having an ID of 25.44 in. The 
natural gas has a specific gravity of 0.6124. The temperature 
of the flowing gas is 60°F. The upstream pressure is 825 psia 
and the downstream pressure 565 psia. 


The analysis of the gas is: 
Component Mole Per Cent 


co 0.99 
V 1.38 
CH, 91.75 
C.H, 4.31 
CH. 1.08 
iC HA, 0.17 
ncC.H,, 0.21 
iC.H, 0.02 
nC.H, 0.02 
Cr. 0.11 
CH, 0.05 


100.00 


plus 
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THE CALCULATION OF PRESSURE DROP IN THE FLOW OF NATURAL GAS 


THROUGH PIPE 


Pseudo critical temperature, 358.4°R 
Pseudo critical pressure, 674.0 psia 
Pseudo reduced temperature, 1.45 


Pseudo reduced pressures, /’-, = 


P.= 


From Table I or Fig. 2 


PP. & 
— dP, = 1.706 at P,, 
2. Ff, 
PP. 2 
dP, = 1.373 at P-. 
on FP, 
From Fig. 5 at average pressure 
uw = 0.0135 centipoise 
uw = 9.072 x 10° lb/ft sec 
From Equation (33) 
aes : ‘ 
(6.43732 x 10°) (2.12)°°" (260)° 
(5280) (50) (520) (0.6124°°"*(9,072x10*) °°" (1.706-1.373) 


= (14.32489 x 10°)°""" 
= 462.0 MMcf/D 


CALCULATION OF ISOTHERMAL HORSE- 
POWER REQUIRED TO COMPRESS A 
NATURAL GAS 


Quite often it is necessary to calculate the isothermal horse- 
power required to compress a natural gas taking into consid- 
eration the deviation from ideal gas behavior. Starting with 
the general flow equation. for any Compression operation, 
there is no difference in elevation (AA = 0), there is a neg- 


: Av 

» ligible kinetic energy term ( — = 0 ) and no energy loss, 
<& 

(#, = 0), then: 


D 
f* VdP+W,=0 
P 


P, 
7 .= VdP 
P, 

Since by definition, MW. is work done by the fluid while in 
flow. work dene on the fluid by an externai source would then 
be numerically negative. 

From Equation (29) 

? A 53.241 TEP. Z 

W. = VdP =- } dP, 

P. G 02 P, » 

Expressing the work #7. in terms of theoretical isothermal 
horsepower required to compress 1,000,000 standard cu ft of 
gas per day (60°F. 14.65 psia), results in: 

Zz PP, & 
dP, dP, \. 
P, 0.2 P, 


P, 8 
ms | 


(34) 


Ps, 
HP = 0.08531 T l/, . 


Example: Calculate the theoretical isothermal horsepower 
necessary to compress 1,000,000 standard cu ft per day of a 
natural gas of 0.600 gravity (air=1) from 200 to 1.000 
psia at 100°F. 

From Fig. 4 

Ty. = OR 
P. = 671 psia 


100 + 460 
T = 1.564 
358 
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200 

P : = 0.298 
671 
1000 

PP... = 1.490 
671 

From Table I or Fig. 2 

cues é 

0.2 P 

| iavas = 


0.2 r 
From Equation (34) 


Pa € P. 2 
HP = 0.08531 T dP, iP, 
it P ae Pp.’ | 


(560) (0.343-—1.920) 
75.34 hp per 1.000.000 standard cu ft of gas per day. 


dP 0.343 


dP, = 1.920 


HP = 0.0853 

HP = 

In other words. the theoretical isothermal horsepower nec- 
essary to compress 1,000,000 standard cu ft of gas per day is 
75.34 hp 


CONCLUSION 


Equations have been derived for the calculation of the 
sandface pressure of flowing gas wells, the static bottom hole 
pressure of gas wells. and the capacity of gas transmission 
lines, which take into consideration the variation of the com- 
pressibility factor of the gas with pressure. This variation with 
pressure has been put into both graphical and tabular form. 
These factors can also be used to calculate rigorously the 
theoretical isothermal horsepower necessary to compress a 
natural gas. Examples demonstrating the use of the various 
equations are given. In the case of the sandface pressure of 
flowing gas wells, comparison of the calculated results with 
field measured results are made for 31 different flowing con- 
ditions, for 11 dry gas and distillate wells. The agreement 
between observed and calculated results is good. 
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“he Drift of SIhings 


Changes in Washington 


Not often do we refer in these col- 
umns te what is going on in Washing- 
ton. Several other organizations cover 
affairs in the national capital satisfac- 
torily and we confess that their reports 
make pretty tough reading for us. The 
lighter stories about Washington ap- 
peal to us more, such as the one in the 
September issue of Pay Dirt, about the 
-mall mine operator who put in a hec- 
tic week going from one office to an- 
other trying to get things done. The 
most unusual thing that happened, he 
said, was when he took out a blonde 
the last evening he was there. Follow- 
ing dinner he asked for special favors, 
and she slapped him in the face. “You 
know.” he said, “that was the first defi- 
nite answer | had had all that week.” 

But we do feel that Jim Boyd's exit 
from the Washington scene is worthy of 
note. Dr. Boyd was appointed director 
of the Bureau of Mines four years ago, 
R. Sayers. John L. 
Lewis took violent exception to his ap- 


succeeding Dr. R. 


pointment and for some time one of 
Colorado's senators blocked his confirm- 
ation. As a result he served without com- 
pensation for two years. Not long ago 
he was made head of the Defense Min- 
erals Administration, though still keep- 
ing his title as director of the Bureau. 
He is reported to have differed with 
Interior Secretary Osear L. Chapman 
on several matters. including payment 
of subsidies to mineral producers and 
the synthetic fuels program. He was 
therefore relieved of his duties and 
Dr. W. C. Schroeder became acting ad- 
ministrator. Also many of the DMA 
powers were transferred to a still newer 
organization, the Defense Materials Pro 
curement Agency, headed by Jess Lar- 
son. Larson has asked Howard [. Young 
to become his deputy in charge of the 
Agency's metals and minerals section. 
with Simon D. Strauss and Alan Bate- 
man as advisors. Then, on the first of 
October, President Truman announced 
the resignation of Dr. Boyd as director 
of the Bureau of Mines. He has found 
what should be a much happier home 
with the Kennecott Copper Corp., which 
he joined Oct. 16 in an executive ca- 
pacity. 


November, 1951 





. . . as followed by EDWARD H. ROBIE 


Secretary AIME 








Probably some political sagacity and 
a willingness to follow administration 
policies are required of a bureau chiet 
in Washington, making the climate in 
auspicious for an independent and ob 
jective thinker and doer. However, we 
can at least hope that when a new head 
for the Bureau of Mines is chosen, he 
will be a man of professional stature 
rather than primarily a_ political ap 
pointee. 


The Chemical Society’s 75th 


As this is written, New York is the 
scene of the American Chemical So 


ciety’s Diamond Jubilee celebration. 
Four years ago —— one year late, for the 
AIME was founded in 1871—the AIME 
had a similar celebration. Our official 
representative at the Chemical Society's 
75th birthday, Carleton C. 
sented for us an engrossed scroll of 
greeting which read: “The 
Institute of Mining and Metallurgical 
Engineers extends its most cordial con- 
gratulations to the 
Society upon having so successfully at- 


Long, pre- 


American 


American Chemical 


tained the seventy-fifth anniversary of 
its founding. The Institute is proud that 
its roll contains the names of many 
members of the Society who have at- 
tained world-wide distinction in our 
related fields. and who have added sub- 
stantially to our national industrial 
progress. May the Society in the future 
raise still further the high scientific 
and technical level of the chemical in- 
dustry for which it is so largely respon 


sible.” 

The Society now has more than 
66,000 members, of whom 16,000 are 
chemical engineers. It is the largest 
scientific society in the world. It em- 
braces 20 professional divisions, indi 
cating the wide scope of the chemical 
industry. Really. almost every manu- 
facturing industry in the country de- 
pends to a_ considerable extent on 
chemistry, as do many of the profes 
sions as well, conspicuously that of 
medicine. At the New York meeting 
720 technical papers were presented at 
129 sessions, covering 80 general sub 


jects of scientific interest 
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Bureau of Mines Films 


(n important activity of the Bureau 
of Mines that perhaps has not had the 
recognition it deserves is its motion 
picture work. Not only does the Bureau 
promote the making of films covering 
the mining, metallurgic, petroleum, and 
allied industries, but it maintains a free 
loan library of more than 16,000 reels. 
Last year its motion pictures were shown 
more than 177,000 times before audi- 
ences of 12 million people, not includ- 
ing showings by television. 

rhis is one Government activity, and 
one of the more worthwhile ones it may 
be added, which costs the taxpayers 
comparatively nothing. The companies 
whose operations are depicted in the 
films have been eager to cooperate and 
to pay all production costs, even though 
the Bureau does not allow any trade 
trade names, or advertising 
material to be shown. The only com- 


marks, 


pany identification is the name of the 
sponsoring company at the beginning 
and end of each film, Apparently the 
companies feel that even this modest 
mention of their name is worth the cost 
of the film in making for better em- 
ploye morale and good public relations. 
Then, too, they have a sense of profes- 
sional responsibility and pride in show- 
ing an interested public the highlights 
of their practice. They choose their own 
producing company, but the Bureau 
scrutinizes the scenario to make sure 
that the picture will be suitable for 
public showing on a non-commercial ba- 
sis. Many, if not most, of the most re- 
cent films are in color. Both silent and 
sound films are included in the library. 


Any companies that feel their opera- 
tions are likely to be of sufficient public 
interest to warrant film recording should 
apply to M. F. Leopold, Bureau of 
Mines, Washington 25, D. C. Leopold, 
who joined the Bureau when it was 
created in 1910 and recently received 
the Interior Department’s gold medal 
for distinguished service, is well known 
throughout the mineral industry. Those 
groups who wish to borrow the films 
for showing should apply to the Bureau 
of Mines Graphie Services Section, 4800 
Forbes St.. Pittsburgh 13. A catalog is 
available, as well as special publicity 
releases on all the new films as issued, 

te 
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Management 

Continued from Page 21, Section | 
for those engineers who develop abili- 
ties and interests beyond the solution 
of technical problems. 

He then launched into a discussion 
of the job of management as contrasted 
to the philosophy as discussed above. 
The manager's job, he said, is first to 
decide upon a plan and second, to build 
an organization to carry it out. He 
then went on to illustrate the engineer's 
place in such a scheme. 

When the engineer becomes a man 
ager, he must, of necessity, seek out 
and consider all facets of a certain 
problem, many of which are outside 
strict engineering nature, 
such as the effect of legislation, taxes, 
marketing and personnel problems on 
the projects which were dealt with on 
only an 


those of a 


engineering basis heretofore. 
His problem as a manager is seldom 
often contradictory, 
much more so than with a straight en- 


function though 


clear cut and is 


gineering even such 


functions may also be based on cer- 
tain assumptions. While, Bowlby stated, 
it would be contrary to the principles 
for an engi- 
neer. in his zeal to become a good man- 


of business organization 


ager, to assume the functions of, say, 
the lawyers, the accountants and the 
tax men by adding to an engineering 
proposal a discussion of the problems 
of these other experts; still, engineers 
who aspire to managerial 
should be inquisitive about what hap- 
pens to proposals after they leave the 
engineering department and to seek 
out the opinions of those in other de 


positions, 


partments who will be consulted before 
a project is approved. 

That part ot 
involves a decision based upon a plan, 


manager's job which 


discussed above. is still pretty close to 
engineering. However. the building and 
leading of an organization capable of 
carrying out the decision is by far the 
more important and more difficult part 
of the task 
heart of management 


because this reaches the 
getting the job 
done through someone else — the part 
engineers know the least about. 

The most 
management 


important ingredient in 


Bowlby said, is the ap 
proach to human relations. Imagination, 
enthusiasm. loyalty, aggressiveness, and 
all of the other desirable attributes in 
an organization are individual traits 
and can only be developed by careful 
planning and nurturing on the part of 


the manager. Although the handling of 


such an abstract quantity as human 
relationships may be hard for a tech- 
nically trained mind to master, Bowlby 
stressed that an emphasis on human 
qualities and their understanding is, in 
the end, a requisite of the first order 
in good management. 

Fortunately, the colleges are realizing 
the importance of human relationships 
requiring engineers to 
take courses in Humanities — courses 
designed to teach people to get along 
with one another and function as a 
group. Moreover, most oil companies 
have adopted training programs for new 
technical people just out of school, and, 
while these programs may vary among 
the different companies, they all per- 
form the same worthwhile function; 
namely to give the trainee an introduc- 
tion to all of the facilities at his dis- 
posal and also to provide a means 
whereby he may understand the people 
with whom he will work and learn to 
work with them harmoniously. 

Having disposed of authority and re- 
sponsibility, and having briefly tried 
to show the importance of human rela- 
tions, Bowlby moved to the third magic 
word of management — accountability 

which involves chiefly the ability to 


and are now 


Continued on Page 5, Section 2 
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Personals 





R. G. Souteerc is now manager of 
the United Geophysical Co. of Canada, 
with offices in Calgary. He was for- 


with the Standard Oil Co. of 


+ 


GRUENERWALD ha an 


merly 
California. 


WiLLiam 
nounced the opening of his offices as 
consulting geologist in the Pure Oil 
Building. Chicago. I. A graduate of 
Northwestern University, 
acquired his professional experience as 


Gruenerwald 


mining and petroleum geologist in many 
parts of the world including the Philip 
pines, China, Tibet, Central and We-t 
Africa, Canada, Brazil, Argentina and 
Venezuela. In the United States, he 
has worked for major oil companies in 
the Gulf Coast region, West Texas and 
the Rocky Mountain states. For the past 
two vears he has been associated with 
the Paul Weir Co.. 


Chicago. 


coal consultants of 


+ 


Sealey 
a> Sos 


WORTH 
dents of California Texas Oil Co.. Ltd. 
Sealey has 


Butterworth 


Seacey and FE. M. Burver- 


have been € le ‘te | vice presi- 


been associated with the 
oil industry since he joined The Texas 
Co. in 1917 as an assistant geologist. 
The past 13 years have been devoted. to 
petroleum producing activities abroad, 
and since July, 1949, he has 
charge of producing and exploration 
for the Caltex-Bahrein group of 
panies, with headquarters in New York. 


been in 
com- 


Butterworth, who is a geologist by 
training, began his oil business career 
after graduation from the 
of California in 1916. He was for a con 
siderable period active in the East In- 


University 


dies, beginning in 1924, when he con- 
ducted a group of exploration men in 
that area. He has been 
cerned with government relations in 
Sumatra and New Guinea for the past 
years for the Caltéx-Bahrein 


directly con- 


several 
group. 
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formerly 
| ulsa, 


Securities and 


Puittie MAvericn, 
leum 
office of the 


Commission, has 


petro 

Okl: 

Exchange 
Midland 


his work nm 


geologist for the 


moved to 
Tex.. where he will resume 


geological exploration 


— 


Jesse SHELTON DicKERSON is now 
on extended active 


Air Force 


duty with the | Ne 


+ 
Joun F. Ecxet is 
Oil Co.. Tulsa 


with the Carter 


+ 


Ropert GaymMarp has 
Schlumberger Well 
Houston. He has been 


joined = the 
Surveying Corp 
a petroleum en 


Algeria 


gineer with the S. N 


i 


JOHN Ar STIN JONES is with Superior 
I 
Oil Co.. Crossville. HI 


+ 


LAVERY is 


Repal 


salety 


Houston 


Caan C. 


engineer 


Houston Contracting Co 


+ 
Le Moyne W. Myers, Socony-Vai 
uum Oil Co.. has been transferred from 
Caracas, Venezuela, to New York 


Raren E. McAvoy has 
moted to assistant district superintend 
ent, Sinclair Oil and Gas Co., Tulsa 


MARKER is 


been pre 


Rupoien = L. 
working as a 
trainee for the Continental Oil Co., Big 


prese ntly 
petroleum engineer 
Spring, Tex. 


+ 


Wituiam J. McPHerson has resigned 
from Imperial Oil, Ltd. Calgary, Al 
berta, to accept a position with the 
Calvan Consolidated Oil and Gas Co 


Ltd.. Calgary. Alberta 
vt 


Donato D. Urrersack has joined 
the Freeport Sulphur Co.. oil division 
New Orleans. He has been with the 


Houston Oil Co.. Houston 


— 


Newton J. Winn has joined the Gulf 
Oil Corp., Wichita Falls, Tex 


+ 


AntHuR A. McArruur has joined 
the staff of The Houston 


as district reservoir engineer. 


Texas Co.. 
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McLemore of Welex Jet 
Fort Worth, Was elected 
post ol ex- 


Ronert H. 
services, Inc an 
to the 
ecutive vice-prest- 
general 
of the 


company at the 


dent and 
manager 
regular quarterly 
directors’ meeting 
held October 17. 
He was formerly 

vice - president of 
operations, Before 
Welex in 1945 
district engineer for the 
Dallas. 


McLemore was 
Sun Oil Co, in 


joining 


_ 


J. L. Minanan, consulting geological 
engineer, is now doing geological, val 
uation and related work with temporary 
headquarters in Casper, Wyo. He was 
with the U.S 


vey in Thermopolis, Wyo. 


+ 


GARY Was re 


formerly Geological Sur 


loun I ently named 
division petroleum engineer of the Kan 
Continental Oil Co., 
Wichita. He was for 


merly in the company’s Houston office 


+ 


Carrs 


sas Division of 


with offices in 


Wittiam M 


the Amerada Petroleum Corp., has been 


engineer with 


transferred from Seminole, Tex., to 


Tulsa, Okla 
+ 


GRoMMON. JR.. is now assistant 


Pp. D 
district superintendent. The Texas Co. 


Pampa, Tex. 
+ 


Goovr, Jn. has 


Wittiam W 


made division 


been 
| oul 


Well 


manager of the 
ana Coast division, Schlumberger 


Surveying Corp., Lafayette, La. 


W. Harrison has organized 
Robert W. 


Tex.. 


Roper 
consulting — firm. 
Co., at 
petroleum 


his own 
Harrison and Houston, 
specializing in engineering 
and geology. He was previously 


Mitchell Co., in 


asso- 


> 


with the R. B. 
Houston. 


ciated 


+ 


W. R. Jay is now with the Hallibur- 
ton Oil Well Cementing Co., Dhahran, 


Saudi Arabia. 
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Management 

Continued from Page 3, Section 2 
communicate or ability of self-expres 
sion. Considerable criticism has been 
levied on engineers as a group by in- 
dustry and the engineering profe-sion 
itself because of the group's shortcom- 
ings insofar as its ability to express ‘ts 
ideas well in writing and in speaking. 
As a result. colleges and universities 
have provided time for compulsory 
courses in English which should aid in 
the solution of this problem. Bowlby 
stressed that the success of a young 
engineer depends upon his capacity to 
write clearly and not on his ability to 
apply the principles of mathematics 
or the natural sciences. 

Imagination on the part of an engi- 
neer is also lacking, Bowlby felt. He 
stressed that there cannot be too little 
imagination used in the oil business 
and encouraged the engineer to be less 
of a doubter and conservatist when 
faced with an idea or plan that is 
contrary to his established ways. He 
felt that any lack of imagination prob 
ably comes from intellectual laziness. 
because it isn’t inherent to a technical 
training. He further stressed that the 
principal flow ef ideas. both technical 
and organizational, should be from ibe 
stafl of management rather than vice 
versa. Engineers, particularly, should 
suggest the unusual and the unconven- 
tional and let management supply the 
conservatism. It is necessary for an 
engineer to develop a strong imagina- 
tive approach to his problems if he as- 
pires to undertake the increasing re- 
sponsibility of management, should ihe 
opportunity arise. 

Bowlby concluded by brefly men 
tioning that, although most engineers 
may aspire to top managerial positions, 
it is not necessary that they do so be- 
cause the great shortage of engineering 
talent in this country indicates that the 
good technical man without managerial 
inclination may be paid just as well 
and find as much satisfaction in his 
work as he would in the highest man- 
agerial position. He felt that it was 
obvious to him that the first requisite 
and first ambition of an engineer should 
be to strive for expert technical pro- 
ficiency and that, having accomplishe | 
this, a managerial capacity would 
logically follow if the engineer de 
sires it. * & @ 


— It's a Fact — 


In 1950, oil marketers collected more 
than $2,000,000,000 in gasoline taxes 
for Uncle Sam and the states. 
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Employment Notices 





The JourNat will post notices of men 
and jobs available. Companies and 
AIME members are invited to use this 
space, for which there is no charge. 
Except as noted below. address replies 
to: Code (appropriate number), Jour- 
NAL OF PETROLEUM TECHNOLOGY, 408 
Trinity Universal Bldg.. Dallas 1. Show 
return address on envelope. These re- 
plies will be forwarded unopened and 
no fees are involved. 

Replies to the positions coded Y6129 
and Y6084 below should be addressed 
to: Engineering Societies Personnel 
Service, 8 West 40th St.. New York 18. 
N. Y. The ESPS, on whose behalf these 
notices are published here, collects a 
fee from applicants actually placed. 


POSITIONS 

@ Engineers. (a) Engineer to assist 
chief engineer for oil exploration and 
production operations. (b) geologist to 
do necessary structural and strati 
graphic research to find oil in the dis- 
trict. Location, Texas. Y6129 

@ Engineer who is capable of setting 
up department and running manufac- 
turing angles of newly formed 
pany in the lubricant line. Salary open. 
Location, New Jersey. Y6084. 


com 


@ A southern university has an open- 
ing for a man to teach courses in pe- 
troleum and natural gas production 
engineering. It would be preferred that 
he have an MS degree but this will be 
waived in favor of adequate experience. 
Rank and salary will be based on the 
qualifications of the candidate. Code 
536. 

@ (a) Research group leader and _re- 
search engineer, 26-40. BS and _ prefer- 
ably a PhD in physical 
physics, petroleum 


chemistry 
engineering. or 
chemical engineering. Should have ex- 
perience in 
search, 


mechanics re- 
or fluid flow research. Will be 
responsible for 


reservoir 


research program in 
multiphase flow and other aspects of 
reservoir mechanics. 

(b) Research engineer. 26-40, BS and 
preferably an advanced degree in pe- 
troleum or mechanical engineering. 
Must be widely experienced in well 
completion practices. Will be respon- 
sible for research program in well com- 
pletion practices and well mechanics. 
(c) Research metallurgist. 26-40. BS 
and preferably advanced degree in met- 
allurgical engineering. Should have ex- 
perience with all types of laboratory 
apparatus for metallurgical study and 


experience in selecting materials for 


SECTION 2 


all types of services. Corrosion studies. 
materials selection and analysis of fail 
ures will constitute the bulk of the 
work. Salaries open. Location, 
City, Okla. State age. experience, edu 
cation and salary desired in 
letter. Write direct to Personnel Ree 
ords Division, Continental Oi] Co., Pen 
ca City, Okla. 

@ Two research engineers, with MS de 
grees and two to five years’ field ex 
perience are 


Ponca 


opening 


desired as permanent 
additions to an expanding staff. The 
work includes research in fundamentals 
of reservoir performance and secondary 
recovery. and involves application of 
newly developed reservoir engineering 
foreign and 
Tulsa. Ad 
dress replies, giving full information 
to: Chief of Research, The Carter Oil 
Co.,. P.O. Box 801. Tulsa. Okla 
PERSONNEI 
@ Reservoir engineer. age 31. 
seven years’ experience in lab. field and 


techniques in studies of 


domestic pools, Location, 


married 
reservoir evaluation studies. Desire po 
sition with progressive independent as 
Code 158 
~*~ & 


reservoir evaluation engineer 


1952 Dues Bills 


Now Being Mailed 

Bills for 1952 AIME dues are 
sent out from Institute headquarters 'y 
alphabetical groups in the closing three 
months of 1951. With the exception of 
the Petroleum Branch. 
whose names begin with “A™ 


being 


those members 
through 
“D” were to be mailed their statements 
in October. “E” through “J” in Novem 
“K” through “P” in early Decem 
ber and “Q” through “Z” in late De 
cember. Bills to Petroleum Branch mem 
bers were not sent out until after deci 


ber: 


sion had been made at the fall meeting 
of the Branch regarding distribution of 
the statistics volume. 

Although according to the bylaws the 
annual fee is not payable until Jan. 1, 
prompt 
to issue membership 


payment will make it possible 


ecards promptly 
and to assure no interruption of the dis 
patch of 1952 publications. Mailing of 
some 20.000 bills course, be 
preceded by a careful check to see that 
the amount of 
takes some little time in the 


must, of 


each is correct, which 
aggregate 
Also, the proper crediting of dues pay 
ments from the same number of mem 
bers is a job of no mean magnitude, 
which can be accomplished much better 
if checks are received over a period of 


-everal months. 
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The statements are made out with 
the assumption that each member wishes 
to receive the same publications in 1952 
as he did in 1951; if not. the member 
should correct the bill accordingly. 
Transactions volumes are billed to 
members at $3.50 each: annual sub 
scriptions to one or both of the monthly 
journals in addition to the 
primary choice are $4 each. 


member's 


return the 
complete bill in making remittances. 
When payment is made through a com- 


Members are urged to 


pany or bank this is particularly neces 
sary in order to identify the person to 
be credited and the coverage of the 


payment. 2.2 


Bylaws Changes V oted 
By Board of Directors 


All changes in the bylaws published 
in the August issue of this journal were 
voted by the Board of Directors at their 
meeting on Sept. 12 and became im 
mediately effective. The 
made from the printed version is the 
addition, in Art. I. Sec. 8. of the phrase 
“without payment of registration fee” 


only change 


immediately after the words: “and be 
privileged to attend meetings of the 
Institute.” In other words, no registra 
tion fee may be charged to student asso 
AIME Other 


changes voted include: granting a credit 


ciates at any meeting. 


on the initiation fee for member or 
for each year 


AIME 


membership as a student associate or 


associate member of $2 
of continuous and continuing 
junior member; standardizing the an 
nual dues of student associates at $4.50. 
including an annual subscription to a 
jairnal; and extending the 33-year age 
limit for junior membership for those 
who have been in military service fol 
lowing World War I ~ * * 


Patents 
Continued from Page 22, Section ! 
can be. Theory of operation or func 
tion of a machine likewise can not 
be patented. 
Novelty. The subject matter to he 
patentable must be new, that is, dif 
ferent in some respects. 
Utility. To possess utility a patent 
must be useful and must be capable 
of producing a result. 
1. Invention must be present. 
Lawlor concluded his talk by stating 
that inter- 
ference and infringement cases. These 


records are invaluable for 
records must be properly dated and 
witnessed by familiar 
with the scope of the subject matter 
that is to be patented. xx 


another person 
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Utilization of Research 


Continued from Page 17, Section 1 


committee, consisting of the heads of 
several of the departments, which meets 
occasionally with the research direc- 
tors to consider the overall nature of 
the projects being undertaken, and 
which reviews the budget of the re- 
search department bi-annually. An- 
other sponsoring committee level con- 
sists of groups assigned to each project 
which usually include one or more op- 
erating superintendents, one or more 
division engineers, the research scien- 
tist and his supervisor. These commit- 
tees meet quarterly to review the re- 
search and to make suggestions regard- 
ing its progress. Committees such as 
these have been found to be particu- 
larly effective in bringing about the 
“team thinking” discussed above, and 
in decreasing the time required to test 
new ideas in the field. With this system, 
it has been found that the research man 
is frequently being encouraged to 
bring his idea out for trial in the field, 
rather than having to convince some- 
one that a test should be made. 

Some companies have found that the 
preparation of lectures and color slides 
and even moving pictures presented in 
a non-technical fashion have been of 
great help in acquainting personnel in 
other departments with the progress 
and significance of research being un- 
dertaken by the company. Still others 
have found that frequent visits by re- 
search personnel to operating areas and 
similar visits to the research center by 
engineering and operating personnel 
have been valuable in increasing liai- 
son. 

A number of companies have found 
that by permitting newly acquired re- 
search personnel to spend a period of 
time as trainees in the operating and 
engineering departments, and by simi- 
larly arranging for operating and engi- 
neering trainees to spend part of their 
indoctrination program in research, an 
early foundation is established upon 
which to build a mutual confidence so 
important in the employee's relation- 
ship with his co-workers as he pro- 
gresses through the company. The giv- 
ing to experienced research men of spe- 
cial assignments in the engineering and 
operating departments for a_ several- 
months’ period to work alongside other 
experienced personnel shows promise 
of enhancing “group thinking.” Other 
mechanisms have also been tried. How- 
ever, it is the writer's opinion that much 
yet remains to be accomplished in the 
developing of suitable means for im- 
proving liaison. 
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In conclusion, several means of im- 
proving utilization of research have 
been discussed. None of them is new. 
However, if the impression has been 
conveyed that the satisfactory utiliza- 
tion of new concepts, processes and 
materials is dependent upon their ac- 
ceptance by people and if the reader 
has been caused to consider how he 
can improve the part he plays in this 
performance, then the objective of this 
paper will have been accomplished. 
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Official 1952 Nominees 
Declared Elected 


No supplementary nominations for 
AIME officers for 1952 having been re- 
ceived by Sept. 1, the nominees of the 
official Nominating Committee are the 
only candidates in the field, and ballot- 
ing of the Institute membership is un- 
necessary. Official announcement of the 
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elections of those whose names were 
published in the July issue of this 
journal was to be made at the Novem- 
ber 14 meeting of the Executive and 


Finance Committees. ae 


E. L. DeGolyer Elected 
Honorary AIME Member 


E. L. DeGolyer, world renowned geol- 
ogist who heads the firm of DeGolyer 
and MacNaughton in Dallas, Tex., was 
elected an honorary member of the 
Institute at the meeting of the Board 
of Directors on Sept. 12. 

Only 20 men may hold honorary 
memberships at any one time, and 
election to that coveted status is made 
only after careful consideration of a 
candidate’s professional and _ scientific 
contributions to both the AIME and 
the industry which it serves. 

Born in 1886 near Greensburg, Kan- 
sas, DeGolyer first worked under emi- - 
nent geologists at the University of 
Oklahoma, where he received his BA 
in geology. Since that time, he has 
located producing oil wells in most im- ” 
portant areas of the hemisphere. 

In 1914 he became a member of the 
Petroleum Division of AIME. He served 
as chairman of the Division from 1923 
to 1925, as president of the Institute in 
1927, as a director in 1928 and 1929, 
and on various committees of the Insti- 
tute throughout his membership, He 
has been a lecturer at Princeton Uni- 
versity and the University of Texas and 
is a member or fellow of a number of 
scientific organizations in the United 
States and England. xe 
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